DESCRI PTI ON | M DAZOQUI NOLI NE DERI VATI VES 5 Background of the Invention This
I nvention generally pertains to heterocyclic carbon conpoundgy tpq\“q]g qrug
and bio-affecting properties and to their preparation and use.

particular, the invention is concerned with a series of new 1, 3 dlhydro 2H
10 i m'dazo[ 4, 5-b] qui nol i n-2-one derivatives which are phospho- diesterase

I nhi bitors, blood platelet antiaggregators and cardi otonic agents. As a
structural class, applicants are aware of relatively few

1, 3- di hydr o- 2Hi mi dazo[ 4, 5- b] gui nol i nDESGREETIAN with the fol | ow ng
chen1ca| literature illustrative of the art. Kozak, et al., Bull. Intern.
Acad.>Pol onai se, 1930A, 432-4 2 NﬁﬂiNE QERI Slescri bes the unsub-
stituted conmpound 1, 3-di hydr 20 qui nol i n-2-one of
formula (1). [ERR] ‘Musial, Roczniki Chem, 1951 25, 46-52 (Chem Abs.

1953, 47, 4885f) synthe5|zed 1, 3- derlvatlves of (1) as illustrated in
formul a (2) [ ERR] Fryer, et al., J. Og. Chem, 1977, 42, 2212-2219

5 Background of the Invention

This invention generally pertains to heterocvclic
W~ carbon cémpouhds having drug and bio-affectinglproperties
and to their prapafa£ion and use, In particular, the
invention is concerned with a series of new 1,3-dihydro-2H-
10 imidazcl4,5-blquinolin-2-one derivatives which are phospho-
diesterase inhibitors, blood platelet antiaggregators and
cardiotonic agents,
-As 2 structural class, applicants are aware of
relatively few 1,3-dihydro-2§fimiéazol4,S-b]quinblin-z-ones
15 with the following chemical literature illustrative of the
art.

L,) Kozak, et al,.,, Bull, Intern. Acad. Polonaise,

19302, 432-438 (Chem. Abs., 25, 5400) describes the unsub-
stituted compound 1,3~dihydro-2H-imidazo{4,5-b]-

20 quinolin-2-one of formula (1).
R
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_ g (1)

Musial, Roczniki Chem., 1951, 25, 46-52 (Chem.

Abs., 1953, 47, 4885f) svnthesized 1,3-derivatives of (1) as

illustrated in formula (2).
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describes the 3,7,9-trisubstituted conmpound of fornmula (3). [ERR] Reid, et

al., Chem Ber., 1956, 89, 2_68_4-26812descri bes the synthesis of the

1, 3-di phenyl derivative of 5 fqormul g (4). [ERR] No pharnmacological utility
. pNJazo[ 4, 5- b] quirnol T n-2-one structures

disclosed in the afore =fces whi i2yare of a chemical nature.

10 Various degiwraNges~et the. tetrahydroim dazo-

[ 2, 1-b] qui-nozol i n-2-one (5) het erocy{c]:I e have been studied for their

pl atel et inhibition andgﬂahdimt',omb_rz,piuu erties. [ERR] 2 For exanple:

Beverung, Jr., et al., UJS_ Rat gqt 3,932,407 disclose a series. of corrpOt{njls

useful as bl ood pl atel etfantidggregati ve and/ or ~anti hypertensive and/ or

broncho- 5 dilator agents of the tetrahydroi m dazo[ 2, 1-b]l.qui nazolin-

2-one class. AnagrBTYees (852 paktiQBda et iled 4% 2512 Re
Beverung,_JL. . I £S,..ha n,stydi xtensi vel e. J. S '
Fl em ng, a%gcﬁf'l?jé;hé\}ve§1%s§ﬁnrnhs§%:%u eo#zfsocﬁoglrn%ofgsf%%é\}gnqap éss, pages
CH
v 3 '

277-294, New York
N
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Reid, et al., Chem. Ber., 1956, 89, 2684-2687

describes the synthesis of the 1,3-diphenyl derivative of

5 formula (4). _ : .
| S | o
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No pharmacological utility is taught._for the
1,3-dihydro-2H-imidazo(4,5-blquinolin-2-one structures
disclosed in the aforementioned references which are of a
chemical nature. ' - o : \_/
10 Various derivatives of the tetrahydroimidazo-
(2,1-b]gquinozolin-2-cne. (5) heterocycle have been studied

for their platelet inhibition and cardiotonic properties.

‘\/f=0_ (5)



10 , (1983). [ERR] Chodnekar, et al., U S Patent 4,256,748 describes a
Series of conpounds of the-fornmula (7) as inhibitors of the aggregation of
bl ood platelets and cardiotonic activity. [ERR] Representative of the
Chodneker conpounds are RO, 14-2525 15 ([err]=[err], [err]=H,
{err]=6-[err], [err]=7-Br) and RO 13-6438 ([err]=[err], [err]=H,
[err]=6-[erpdr éRamprel. 3 Summary of the Invention In its 'broadest
aspect, this invention is con- cerned with a new series of

1, 3-di hvdro- 2H i m dazBevéxurig bl Ipu n@Et @l2-,0M6sS h@ategtval 83D} £07

phar macol ogical 5 properties which makes them particul arly_ useful as

car di ot oni céageHPSe aRdFeFies e bHisnrowidpiEafivddiass PépadePhate etmal i an

bl ood pl atel et . tion. la | and F la XI| (ipfra.) illustrat
Phe c oo R LA STR ST B and af A AnsHaTF aaiye, 2hg ok PERfehet herel o
ERR | Q. ' ol i < .hal |

FR) 19 8Pt LSRR A el e d LA bR B L 00

hydrogen, halggencihouer ahkytelidwersil kppartARaliienyepbedirpad of the

invention relates to pharnma- _
member of the Beverung, Jr., et al. series, has been studied

extensively, e.g., J. S. Fleming, et al., New Drugs Annual:

Cardiovascular Drugs, Raven Press, pages 277-294, New York

Nl
\L:j>p=0 (6)

10 (1983).
o
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Chodnekar, et al., U.S, Patent 4,256,748 describes
" a series of compounds of the formula (7) as inhibitors of

the aggregation of blood platelets and . cardiotonic activity.
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' N
| 2 g
9 R :@:N/ 7
4 P l 4 . .
o R3 R

Representative of the Chodneker compounds are RO 14-2525
15 (r%=cn,, r®=n, R%=6-cH;, R'=7-Br) and RO 13-6438 (R%=cH,,

R3=H, R%=6-CH,, Rl=H).
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st preferably bromne
cardiotonic agents and/or inhibitors of phosphodleste*aee

and mammalian blood platelet aggregation. Formula I and
Formula XII (infra.) illustrate the cdmpouhds of the

invention and the ring numbering system used herein.

(I)

In the foregoing formul;, R1 is halogéh, lower alkyl, lower
alko*?; Ré is hydrogen, halogen, lower alkyl, ‘lower alkoxy:
and R3 is hydrogen, halogen, lower alkyl, lower alkoxy.
Another embodiment.of the inventicon relates to pharma-
ceutically acceptable compositions comprised of a Formula I
or Formula XII (ig{gg.i compound combined with at lea#t one

pharmaceutically acceptable excipient. The. invention has
utility for inhibiting phosphodiesterase and blood
platelet aggregation in a mammal, viz. by administering

a therapeutically effective amount of a compound of
Formula I or Formula XII (infra.) or a pharmaceutically
acceptable salt thereof to a mammal in need of such
treatment. The invention has utility also for increasing

heart inotropic activity, viz. by administering a therapeutically



.and chlorine; the term™"lower alkyl" refers to a branched or 15 unbranched
sat urat ed hydrocarbon chain containing from1 to 4 carbon atons; for
exanple, methyl, ethyl, n-propyl, isopropyl, n-butyl,-tert.-butyl, and the
|ike. The ternms "alkyl.of 1 to 4 carbon atons” and "lower alkyl" are used
I nt erchangeably with specific terns represented by conven- 20 tional
synbol s, i.effedkive| amobnt Bbf =a[eompourd Cof THEmMuYanI' lodWForabliaxyts
conprehends ethers con- taining from1 to 4 carbon atons as defined for

al kvl ; such(aRZrid: hogy, acphaxyacesbirablixyaceaptablautsadt, thedeblfethi ke.
According to the_present _invention, the conpounds characterized by Formul a
| [ERR] whePgPRat eir need of) sich tronrentiyl, | ower al koxy; R2 is

hydr ogen, hal ogen, |ower alkyl, |ower al koxy; and Ris 5 hydr ogen, _
hal ogen, | ower al kyl, |ower alkoxy are obtained by a process conprising (a)
reduci ng a suPsiiiat88sbyYE3018k No Bl KO il énddod ERRl Wherein a and b are

hydr ogen or~ToOgetner are 10 T coval ent ‘bond, [err], and

[e_r&] ay e defined asThRboyempedsds hdfttioat inkedhie HrRenIadniRbapirakeW th an
oxI1 dant .

those of Formula I

R N g ) o
R 0 1
_ 2 Z N>= o
LN R H
3
wherein
R, is halogen, lower alkyl, lower alkoxy:

R2 is hyvdrogen, halogen, lower alkyl, lower alkoxv:;
10 23 is hvdrogen, halogen, lower alkyl, lower alkoxv:
or a pharmaceutically acceptable salt thereof.

As used herein, the term “"halogen" or "“halo"
comprehends flourine, iodine, and most prefgrably bromine
and chlorine; the term "lower alkyl"” refers to a branched or

15 unbranched saturated hydrocarbon chain containing from 1 to
4 carbon atoms; for examplé, methvl, ethvl, g-propyl,
isopropvl, n-butyl, -tert.-butyl, and the like. The terms
"alkvl of 1 to 4 carbon atoms" and "lower alkyl” are used
interchangeably with specific terms represented by conven-

20 tional symbols, i.,e., Me = CH#, Et.= CZHS' etc.

The term "lower alkoxy" comprehends ethers con=-
taining from 1 to 4 carbon atoms as defined for alkvl; such

as methoxv, ethoxy, isopropoxy, tert.-butoxv, and the like.



such as iodine when required. The reduction of Formula Il hydantoin inter-
15 nmedi ates 'is carried out by conventional chem cal or catalytic nethods.

For instance, the Formula Il hydantoins can be chemically reduced by
treatment with hydrogen iodide and red phosphorus according to the nethod
of Kozak, et al., supra. Catalytic hydrogenation is particularly preferred

20 and acconplished with a transition netal catalyst, preferably

pal | adi um on- capheRraiRgaRcARREOREEAEAL SRGLALILH, thd NEdpifident such as
di net hyl f ormam de. Reduction.is carried out at roomtenperature and when
hydr ogha rapitaled zZied @3S Eoirmalllay xconpl ete, the reaction mxture is warngedyand
frltered or optionally heated to about [err] for a 1 to 4 5 hour period
before filterigg. In some i@§tances, resi dual material obtained by
concentrating ' atrg. _pnedom - nantly consists of the desired Fornul a
| product pr e %-z; i zati on . ag@)aratoni zation to the fused
quinoline rin oiMer instances, the residual material 10
predom nant | y “8onsi thé‘uncyclized Formula I} A am no hydantoin
(wherein a and b, [err] are as defined above) resulting fromreduction
of the Formula Il nitro hydantoin or the 4,5-di hydroquinaline internediate

of FOrmera il B (Wietailbgensr Toweand1kon )| 16wér deixopy; ag appve). In other

hvdrogen, halogen, lower alkyl, lower alkoxy: aﬁd R3 is

5 hvdrogen, halogen, lower alkyl. lcwer'alkéié are obtzined by .
a process comprising :
(a) reducing a substituted hydantoin of
Formula II
a
'wherein a and b are hydrogen or together are
10 ' : a covalent bond, Rl,-Rz,.and_R3 are defined -\v)

as above; and

(b) treating the reduced material with an oxidant
such as iodine when required.
The reduction of Formula II hydantoin inter-

15 mediates is carried out by conventioﬁal chemical or
catalytic'methods. For instance, the Formula II hydantoins
can be chemically reduced by treatment with hydrogen iodide
and red phosphofus accoiding fo the method of Kozak, et al.,
supra. Catalytic hvdrogenation is particularly preferred

20 and accomplishedIWith a traﬁsition metal catalyst,

preferably palladium-on~-carbon, in an appropriate reaction



15  instances, the residual material predom nantly consists of a m xture
of Formula I1A I1IB internediates together with the desired Fornul a |
product. Wthout being bound by theory, the transformation of a Formula |
nitro-hydantoin to the.Forpula I product is thought to involve reduction of
the 20 nitro group and ol efenic double bond to the correspondi ng Formul a
Il A amine (wherein a and b are hydrogen). Ring cvclization follows or

occurs si mutP&RECTSLYSRE EHED FRT AARE YA infmAmise « hdeduction is
1,3,9,9a-te oquinglipe infernediate of Formula IlB which_ i .

aromat i zed %%ggé%$d§§P gg r%%%a.???ﬁrﬁﬁﬁﬁﬂ afé:wqﬁ? ?Hg§898358§tﬁﬁﬁrésthe
reacti on i sgl , i 4 | 4 : d\%&ﬁ a xi dant
su?ﬁ’as iodfﬁggﬁgﬁggiglEgﬁQFEE%TS%E% égﬁz %ﬁ? ﬁg?ﬁgﬁgﬁa%r |W§Fh§??ornanide
and the |ikeéiadtere8l ux bpERPehally chedduitrtd hassucadOd.oFer 3 1C¥6l 4zation

of Formula I1A amnes to the Fornula | products or the Fornula I1B
t et r ahydr ogbPnol peeipdt beflede af tktew ing oxiratsame dinstthncest,t eestiduabe
desired 1, 3-di hydro-2H i m dazo[4, 5-b] qui nolin-2-ones of Formul'a I is
effected. TRatpsiadl gbtained by |¢gneenpaking dhe fdddiradecprgdemiof the 10
I nst ant inventign. When iod%ne is e Iqied, the Formula | product is
i sol ated i n®BR%eYr GPRFBF S eﬁﬁ?zﬂ?%g%? Jtqmmpla I product produced by
facile cyclization and aratomization to the fused quinoline
ring system. In other instances, the residual material
10 predominantly consists of the uncyclized Formula IIA amino
hydantoin (wherein a and b, RI' Rz, R3 are as defined above)
resulting from reduction of the Formula II nitro hyvdantoin
or the 4,5-dihydroquincline intermediate of Formula IIB
-{wherein Rl' Rz and R3 are defined as above). 1In other
15 instances, the residual material predominantly consists of a
mixture of Formula IIA, IIB intermediates together.with the
desired Formula I product. Without being bound by theorv,
the transformation of a Formula II nitro-hydantoin to the
Formula I product is thought to involve reduction of the
20 nitro group and olefenic double bond to the corresponding
Formula IIA amine (wherein a and b are hydrogen). Ring
cvclization follows or occurs simultaneously to the
Formula I product or the 1,3,9,%a~-tetrahydroguinoline

intermediate of Formula IIB which is aromatized by dehydro-

25 genation.




the reaction mxture with agqueous sodiumthiosulfate and al kali netal
carbonat e such as sodi um carbonate. Conversion of the base formto
pharmaceutically acceptable acid 15 addition salts is carried out by
conventional neans. The pharmaceutically acceptabl.e acid addition salts of
the instant invention are those in which the anion does not contribute
significantty to the toxicity or pharnma- col ogical activity of the salt
and, as such, they are the 20 pharmacol ogi cal equivalents ‘of the bases of

Fornula I nd For mul a XII (infra.). They. are generally preferred for
medi cal ﬁséhﬁfe CASESnE ?ﬁ%t?ﬂ?c§§acfh%®'%ﬁa&écﬁﬂ9§¢%ﬁﬂ ééﬁopertles whi ch nqh;s

them mof gs fRply” BRLe-SR1 AALTLLGoUELETn CRLAMhEtLon R ROgEs, such as

solublllty ygroscopl Cl reSS| |ty the Fespect to

tabl et fmorarmtalxanandsebaged istichi by mmr@uhee amewm&aamw whi ch the
subst ance may be used for pharnmaceutical purposes. As stated above, the

salts a?®f céwevddkponll refbrepempdrature. Undsratiesecondéaiomg, a Formul a |
or Forqgh_.Xll %lnfraP% ‘ﬁﬁf&&lth t he selegted acid preferably in .solution.
They ne¥ al*& eF YT Re8PEPYt %9 &henERt™Wia H BROfBRtExchange resin
under C@muﬂe %%mh@a"\'f‘tﬁhtéﬂﬁh%kg&‘uﬂ{oﬂﬂ nf@bhefiadeleygpRstance of the
Formula | is replaced by anothér ani on under condrtions rch allow for
separaiwxmﬁaﬁiomhefdeherzitﬁqreebeshSLﬂﬂrﬁrEdby,p*dxhynﬂbabnon from sol ution

1m1dazo(4,5-b]qu1nol;n- -ones of Formula I is effected. The

Formula ' 11B compounds_are considered part-of the

10 instant inventich. When io&ine is employed,lthe Formula I

product is isolated in base form by sequentially treating

the reaction mixture with agueous sodium thiosulfate and

alkali metal carbonate such as sodium carbonate. Conversion

of the base form to pharmaceutically acceptable acid

15 addition salts is carried out by conventional means.

The pharmaceutically acceptable acid addition

salts of the instant invention are those in which the anien

dces not contribute significantly to the toxicity_or pharma-
cological activity of the salt and, ae'éuch,.they.are'the

20 pharmacological equivalents of the bases of Formula I and
Formula XII (infra.). They are generally preferred for
medical usage. In some instances, thev have phvsical
properties which makes them more desirable for pharma-
ceutical formulation_purposes such as solubilitv, lack of

25 hygroscopicity, compressibility with respect to tablet

‘ formation and compatibility with other ingredients w1th

which the substance may be used for pharmaceut;cal purposes.

As stated above, the salts are conventionally prepared, for



or extraction into a solvent, or elution fromor retention on an ion
exchange resin. Pharmaceutically acceptable acids 10 for the purposes of
salt formation of the substances of Forrmula | include hydrochloric,

hydr obroni c, hydroiodic, citri'c, acetic, propionic, benzoic, nmandelic,

sul furic, phosphoric, nitric, mucic, isethionic, methanesulfonic,

et hanesul fonic, [err]-toluéene sulfonic, palmtic, heptanoic, and 15

ot hers. The Foimsgandel blyytaettvings awfermiin & and Bozmelhyxdirogbmernpl oyed in

t he process for gr e‘F,ari n’g t he i nstant conpounds_can be prepared according
ures PRETCMFRITHS etoififded, 26id Breferabiyein sgjutiongoLhey07 (1960)

to proc\%d
i1 lus- 20 tr | e Iﬂyvtm' | et hod. ERR] In
Met hod A, the ﬂé 'dazély"srrzr’b?)alQ f‘%@%or wggafﬁ%’ign?%r %%glgg;ﬁee%t rwe%?eggn d?' <[51 su% tabl e

| eavi Ng group exchame Fesyhaifier esybpt fonhiasphatk, tisdllahdbs éncbdeal ogen,
preferably 5 chlorine or bromne. Such conpounds are comrercially
avai | abl e & camlpehibhgi Aekistanaeerfotike IFrRFMRlRr0It he zanlackdrbexanpl e, the

Formula 111 i nterr’gedi ate 2, 3-di net hyl -6-ni trqbenzyl chl oride can be prepared
From 2. 3-di motGTRE APEPBaR T E Byt BT LTI RAR L hEY HAs S8PSESRAStY BEng t o
the follow ng grlef@sired species such as by precipitation from solution
or extraction into a solvent, or elution from or retention
or an ion exchange resin, Pharmaceutically acceptable acids
10 for the purposes of salt formation of the substances of
Formula I include hydrochloric, hydrobromic, hydroiodic,
citric, acetic, propionic, benzoic, mandelic, sulfuric,
phosphoric, nitrie, mucie, isetﬁionic, methanesplfbnic,
ethanesulfonic, éftoluene sulfonic, palmitic, heptanoic, and
15 others.
- The Formula II hydantoins wherein a and b are
hydrogen emploved in the process for preparing the instant
compounds can be prepared according to procedures described
by Connors, et al., J. Chem. Soc., 2994-3007 (1960) illus~

20 trated in the following reaction scheme.

‘o
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10 [ ERR] The 2, 3-di nmet hyl - 6-ni trobenzyl al cohol precursor to the benzyl
chloride (1l11) can readily be esterified to further provide Fornula |1

i nternmedi ates such as the nesylate, tosylate, phosphate, sulfate and the
like. In step 1 of 5 Method A benzyl-X starting material (II1), e.g.,
ortho- nitro-[err]-substituted benzyl chloride, is condensed with diethyl
acet am donmal onate in a reaction inert solvent such as ethanol, nethanol

" n- pr eghold Aacetonitrile, dinethylformam de in the:presence of a suitable
al'kali metal 10 base such as sodi um et hoxi de, sodi um hydroxi de, sodi um
carbopate and t i ke, at tenperatures rangi from 50 [err] to pgvide
“the disghy acetanDdo 2- nltrobenz | - naEgnat teft dlqﬁfgtof :

For he reagt @{nm gglg\égirl e exy depeng %n sol vent,
al ka K4 galt and tenperéat ufe seral d' Ls as g£of sodlun1 '
et hoxgde i ethanol, the reaction is carrled « Fature. for

a period of 1 to 24 hours. |In step 2, the phenyl al ani nesx ornula V are
obt ai ned HXIrefIUX|ng the 5 benzylnalonate esters @V\O in a strong acid
such as 50%

HC1
Step 2 o
= VRY,
koo I
Step 3 (a=b=E)
In Method A, the "X" symbol in Formula III intermediates
represents a suitable leaving group such as mesylate,
tosylate, phosphate, sulfate and halogen, preferably"

5 chlorine or bromine. Such compounds are commercially
available or can be obtained by methods known to the art.
For example, the Formula III intermediate
2,3-dimethyl-G-nitrobenzylchléride can be prepared from
2,3-dimethyl-6-nitrocaniline by conventional methods

0 according to the following scheme.

10



" hydrochloric acid. In step 3, the phenylalanine (V) is treated with

pot assi um cyanate at about [err] and the m xture acidified to provide the
am nocar bonyl phenyl al anine Forrmula VI intermediates. In step 4, the
Formula VI inter- 10 nediates are cyclized to the substituted hydantoins of
Formula Il wherein a and b are hydrogen. Cyclization to the hvdantoin
internmediates is effected under acid conditions, for instance with 50%
hydrochloric acid at [err] or by refluxing in ethanol w th hydrogen
chloride. 15 Formula Il (wherein a and b are hydrogen)
hydant oi ns can al so be obtained according to the nethod illustrated in the
foll aw ng react) S me. Method B [ERR] 1 p god B i nvol ves

al kyl ating t hq um‘sa) tdiskosizagiorhydant ¢ carboxyBdfe with a Fornula

@ decar Whe
rmifa | benk§tasy di ate

11 benzyl in di aB§ gae owed by hydr

al kyl at ed Q& #di ot In Step 1, the&'fé) |

I s reacted th hyl sodi ohydant oi n-5- carb late (VI1) .in a reaction
i nert solvent. abl e solvents include al cofi@l s such as nethanol,

et hanol , propanol, isopropanol and the |like as well as other solvents

generally used in alkylating reaction such as acetonitrile,

2) NaO/MecH Gy ] | 4
| | ITI (2,3-dimetivl,
X=2Cl
The 2,3-dimethy176-ni:robenzyl alcohol precursor to the
benzvl chloride (III) cén readily be esterified to further
provide Formula III intermediates such as the mesylate,
tosylate, phosphéte,,sulfate and the like. 1In step 1 of
5 Method A, benzyl-X starting material (III), e.g., ortho-
nitro-Rl,Rzgké-substituted benzyl chloride, is condensed
with diethyl acetamidomalonate in a reaction inert solvent
such'as efhanol, methanol, B-propanol, acetonitrile,
dimethylformamide in the presence of a suitable alkali metal
10 base such as sodium ethoxide, sodium hydroxide, sodium
carbonate and the like, at temperatures ranging from 50 to
150°c. to provide the diethyl-alpha-acetamido-2-nitrobenzyl-
malonate intermediates of Formula IV. The reaction period

varies to some extent depending on solvent, alkali metal

11



10 dimethyl formami de and the like. In addition to the sodiumsalt of the
hydantoin ester which is preferred, other strong alkali salts such as .
pot assium and |ithium are operable. Conversion of the Formula VIII

hydant oi n- 5- car boxyl ate internediates to the Forrul'a Il hydantoins is
effected under 15 conventional hydrol ysis and decarboxyl ati on conditions
such as heating the hydantoin of Fornmula VIII with 50% hydro- chloric acid.

The B&YRIRRY FeMpeIAtBrRs SRAEFERA-a ARdtRetERRe RE SWsent a coval ent
bond n_h repared_according to, 20 ptocedures.described Billek, .
vonainois) 15 3RnBT 50k e Rah e Afn Pt 81 EREF £ CRETAS Sanbial ot 6’ i i e
follqﬂkgg Gk sgh : 03 h { t%ggﬁ I Ryl ves N
conden t"lzf)a%%o ngu S ??l’jtoéqqge%yg{’dgﬁyg%&o 'pr;erru a %'WF%% hydant oi n - ( X)
i Nt pheivaeaagdnels besedra@dautn aget abLainedCBY i fe ANMVIHG deat el evat ed
tenperatures 5 (e.g., 100-[err]). Hydrolysis of the N-acetyl internediate
(8 ) bebizyilmadonatst estérss (TVhvént aosdkrbygcacid eshhchutagrisds an al kal i net al

hydr oxi de such as sodi um hydroxi de to provide the benzylidine hydantoin of
For mhivgrochliogisi acddandIp st§pt Rer ther phanybabamine bOHd.is

treated with potassium cvanate at about IQOOC. and the
mixture acidified to provide the aminocarbonyl phenvlalanine
Formula VI intermediates. In step 4, the Fo:mula VI inter~
10 mediates are cyclized to the substituted-hydantoiné of : v ~
Formgla'II wherein a and b are hydrogen. _Cyclization'to'the 
hvdantoin intermediates is effeéted under acid conditions,
for instance with S0% hvdrochloric acid at 100°C. or by
refluxiﬁg in ethancl Qith hydrogen chloride. _
15 Formula II (wherein a and b afé.hydroéeh)
hyvdanteins can also be obtained according to the metﬁéd
-illustrated in the'fcllcwing reacticn scheme.'

Methcd B

B SO )
Step 2 ' :

12



10 As stated above, the Formula | conpounds or pharmaceutically
acceptabl e salts thereof have pharma- col ogi cal properties which make them
particul arly useful as phosphodi esterase inhibitors, blood platelet

ant.i aggregators and/ or cardiotonic agents. Regarding the latter, conpounds
15 of the invention selectively strengthen nyocardial 14 - contraction
force by whmethoédeB hitvdlvestalle) s My enY eedivhl @allteogeetppery. Thus,

t he instant conmpounds are -useful in the curative or prophylactic treatnent
of cardi ac bydahntéo bmsSscrhbesy ator ariditala fFoirronle KAdr beamyilnéneesme+n 5
positive inotropic activity is desirable. Preferred conpounds increase

conkigctiIed¥6?%ef9}¥¢ﬁﬁﬁ bnivdr e i Sarphexyilaties. of| she| et
ti ' | d d fof | hysi ol_ogi cal hani f
formation of PBYIRFEADIRTATCHATR: VAL HEEP dyotthh FPRFHABOLRBOPPRZYL
h .k at | Iy P i Le_h t asi d
Pnber of ai2famnddfatd LB ok tla WG Genh SddleBigepinlgups ast s and @

phl ebot hr ongesbSxy E&EEDIRT T T MOMDOS abt [ At sR1eBRRST Ssaldakedi nal
vessel thrombosis. An increase in 15 propensity for platel et aggregation,

sonet i mes redkvértls t inabudé ad Batio xl hrdh aize e thianiodhsernadoflol | owi ng
parturition, surgical operations such as coronary artery bypass surgery,
propanol, isopropanol and the like as well as other solvents
generallv used in alkylating reaction such as acetonitrile,
10 dimethylformamide and the like. In addition to the sodium
s NN salt of the hydantoin ester which is preferred, other strong
alkali salts such as potassium and lithium are operable.
Conversion of the Formula VIII hydantoin-5-carboxvlate
intermediates to the Formula II hydantoins is effected under
15 conventional hydrolysis and decarboxylation condiﬁions such
as heating the hydantoin of Formula VIII with 50% hydre-
chloric acid. - |
The Formula II hydantoins wherein a and b together-
represent a covalent bond can be prepared according to
20 procedures described by Billek, Monatsﬁ, 1961, 92, 352-360
(Chem. Abs., 1962, 56, 394b) illustrated in the following

reaction scheme,

13



organ transpl ant, angi oplasty, prosthetic heart valve inplants to nane a
few, and in ischaem c heart disease, 20 atherosclerosis, multiple
sclerosis, intracranial tunors, thronboenbolism and hyperlipema; refer to
A. Popl awski, et al., J. Atherosclerosis Research, 8, 721 (1968). Thus, the
conpounds of the invention which have antithronbogenic (inhibit blood

pl at e Ehgggkegatlon) and phosphodi esterase 25 1inhibition properties are
usefuhgrn—pTEVentlon or treatnment of conditions involving platel et
aggregation and thronbosi.s such as the above. Literature relating to .
prophyl actic and therapeutic activities of phosphodiesterase i'nhi biti Rg
conmpourds |ncludeEEhe follomﬁngg Sy M Aner, Cyclic Nucl eoti des as

Tar get s P Zign," Advancé'lj»eDrug R ,OVbI 12, 1977,

Academ London, +pp 1-38; Pnryh, Pharn1 Sci., pp
1556-?%27 &R . 5S M Aner, erpl., J. PH%FWH-Scu , Vol. 64, pp 1-37
(1975)"3and DO N. cHarris, et al., Bhzyne Inhibitors_As Drugs, McMIlan &
Co., BEd - M Standler, pp 127-146, (1980). The instant compounds are
considered t ave antinetastaticygpotential in view of their platelet

i nhibition properties. 10 The pharmacol ogi cal properties of the
i nstant conpounds can be denonstrated by conventional in vitro and in vivo
bi ol ogi cal tests such g the following. In Vitro Inhibition of Platelet

Aggr egati on pL H
NO, 0.
2 Vf )

).« S o II (a+b= covalent bond) -

Method C lnvolves condensation of a substituted benzaldehvde
of Formula IX with hydanto;n (X) in the presence of fused
sodium acetate in acetic anhydride at elevated temperatures

s fe.g., 100-160°C.). Hydrolysis of the N-acetyl intermediate

(XIf obtained in Step 1 is conventionally carfied'oet with

an alkali metzl hydroxide such as sodium hydfokide te

provide the benzylidine hydantoin of Formula II whereinle
\ and b together form a covalent bond.

10 As stated above, the Formula I compounds or
pharmaceutically acceptable salts thereof have pharma-~
cological properties which make them particularly useful as
phosphodiesterase inhibitors, blood platelet antieggregators
and/or cardiotonic agents. Regarding the latter, compounds

15 of the invention selectively strengthen myocardial

14



The aggregoneter nethod of Born (1); as nodified 15 by Mustard, et al. (2)
was used to assess the in vitro activity of the various conpounds as to

i nhi bition of adenosi ne di phosphate (ADP) and col | agen-i nduced pl at el et
aggregation. Platelet rich.plasm (PRP) was separated by centrifugation
fromcitrated (3.8 percent) rabbit blood. 20 ADP in final concentration of
0.5 ntg/ nl contFag3ign dorgecby| whéah thephearbnventmigkes qoug dilegdt o t he
nmet hod descri bed by Evans, .et al. gS was used to i.nduce, aggrega- tion.

The vari oud PG RETEPBEZY -neFBY rs§BFvéﬂsFﬁnH|?RR98H%ﬁﬁfﬁiﬁ §8e€BASO so
that 5 | .,added t | | the d d
tegt coggeﬁtraaﬁmé% bcﬁ‘icl Eg %%P%?l?FLéFS ggg%%gu £ argd 3?%%6
aggrega- tigypdy ke durphad! ﬁbseaiasglpkaﬁﬂar&%@w'm MAdQus 16

concentrations of e test conpounds. Dose response curves were obtained

and Ef f gct ipess i¢iveeiinotiriopic( GEe@yivgl ussdesitabbé od.pidEddren t est, the
[err] values fordipyrimdanole, a clinically useful antithronbogenic agent,
are >512 megimpoundsvsncABRsandofsSangtlel foscecoithgen. undRedsults are given
in Table |I hereinafter. for .various Formula | and Xl | (infra.) conpounds. 1.
" Born, G vxmreaﬁmm%amt ratgndon, 162, 67P (1962).

Platelet aggregation is considered part of a
complex phyﬁiologicél mechanism for formation of a thrombus
10 in the vascular system. Thromboembolic phenomena, i.e., the
— formation of thrombi, are involved in hemostasis and a
number of diseased states in mammals including thrombo-
phlebitis, phlebothrombosis, cerebral thrombosis, coronary
£hrombosis and retinal vessel thrombosis. An increase in
15 propensity for platelet aégregation; sometimes referred to
"as platelet adhesiveness, is observed following parturition,
surgical operations such as coronary artery bypass surgery,
organ transplant, angioplasty, prosthetic heart valve
implants to name a few; and in ischaemic heart disease,
20 atherosclerosis, multiple sclerosis, intracranial tumors,
(Y thromboembolism, and hyﬁerlipemia; refer to A. Poplawski,

et al., J. Atherosclerosis Research, 8, 721 (1968). Thus,

the compounds of the invention which have antithrombogenic
(inhibit blood platelet aggregation) and phosphodiesterase
25 inhibition properiies aré useful in prevention or treatment
of conditions involving platelet aggregation and thrombosis.
such as the above. Liﬁerature relating to prophylactic and

therapeutic activities of phosphodiesterase inhibiting

1S



10 2. Mustard, J. F., Hegardt, B. Rowsell, H C and MacMIl|an, R
L., J. Lab. din. Md., 64, 548 (1964). 3. Evans, G, Marian M C.,
Packham M A., Nishizawa, E. E°, Mustard, J. F. and Mrphy, 15
E. A, J. Exp. Md., 128, 877 (1968). Inhibition of Platelet Aggregation
Foll owi ng Oral Administration This test is sonmetinmes referred to in the art

Ex_vi t hod . an tiall bed by, Fl 20 et al.
A ch cPRPSuBa, RAESTR, CHofoL et A £ 3oy Aese LEME Lot he assay i

essenil | f Aggg nety, ersto in-vitro as
' preV|§B§FEXE%§%%| gdeg%ggfat€+%t rich f&#’ Ay ﬁéé@ 1h0b7% frromr atgs
dosedreseBrehnt hopliesp, cmsvmunﬂsaaﬁmi&urﬂéﬂu<ﬂnbnd algp 353gases, activity
i s defermned 2 hours after the drug is adn1n|stered orally at various
dosesIbywganagb,agtaaduspdn- Phazm. i $ci. Q%prvaltsas-mm d19aw) dr ops of Tween
(RTM 20. Drug activity |s expr essed as [err]'s (that dose required to 17
i ni3i bSt HheAF‘ﬁHucEE_ﬁégr ..P_gﬂ‘.ﬂby SEh . R leul G e®E dord7r 438783 5 obt ai ned

from s of 10 anim t eat d W t arious doses of test conpounds in
corrpagf‘goﬁ'tg -sHBLFife Sg-n-?-i gw..r,whmhlblt“s As Drugs, .

McMillan & Co., E4d ~ M. Standler, pp 127-146, (1980). The
instant compounds are considered to havé astime:;static
potential in view of their platelet ihhibi;ipn properties.

10 The.phafmacologiéallpropetties of_ﬁﬁe instant - o \vj
coﬁpounds can be demonstrated by conventionai iﬂ vitro and

in vivo biological tests such as the following.

In Vitro Inhibition of Platelet Aqgfegétion

The aggregometer method of Born (1), as modified

15 by Mustard, et al. (2) was used to assess the in vitro
activity of the various compounds as to znhlb;tlon of
adenosine diphosphate (ADP) =:nd collageh-inﬁuced platelet
aggregation. Platelet rich'plésma {PRP) ﬁ;s separated by

- centrifugation from citrated (3.8 pércent)'rabbit blood..

20 ADP in final concentration of O;SIhcélml or 0.05 ml of a
collagén suspension prepared accbrding Eo the'ﬁethod
described by Evans, et al. (3) was used.fé.induce aggrega-
tion. The various compoﬁnds tested weré'diésolved in
dimethylsulfoxide (DMSO) so that 5 mcl adaéa to the platelet

25 rich plasma would yield the desired éest.cohééntr;tipn.
Vehicle control trials were done and coﬁﬁared.with aggrega-

tion induced in platelet rich plasma'containing various

16



5 In this test, the [err] of dipyridanole is greater than 100
ng/ kg and anagrelide is 4.9 ng/kg. Results are given in Table |

herei nafter for various Formula | and Formula Xl | (infra.) conpounds.

I nhi bition of Cyclic AWP Phosphodi esterase 10 This assay is
carried out essentially as described by Thonpson, et al., Methods in
Enzynol ocv, 38, 205-212 (1974) Briefly, tritiumlabel ed cyclic adenosi ne

hos- phat bated with hodi est P
A SR B R A g R A

5'AWP i n cult g el YUBESined And £EALE iveOBohSed EFJE1BAL @EcHY) SHARRBETLNG the
tubes ™ a boiling water bath after which they are placed on ice and an
al i quot of snaje@cutaesd| s mddhdsttpmchhéubegq Rulnesdéor dipyarimizanoke,

i ncubation, converts the 5 AMP.to adenosine.” ' lon exchange 20 resin is
added to bind & K& ipéealhy geéyel #%Womb%@%%wnﬁrea&rﬁ%ﬂf Bgeirt o

sed! ment tRe I esi Rngnd 2 ﬂgrt | O?mdf)fve:[ heé\ ng [, SURRLD rL_gngré ‘Qﬂ'v%ﬁ gont ai ns

radi oactiv@ adérosinei™i s Colnt qur scintiTlation countar. -The
CAVP phosphodina$h @ 8SRe#diHaltitkt 0OfoAGlairibhy PbrulL3t angextris 25

determ ned by pre-incubating the PDE enzyne preparation with the test
agent. Dose redmdmge) vednpeindse obt ai ned and activity of the test agent

reported as the nolar (M con- centration of the test ent i nhibiting
50% of the PDE 1. Born, G. V. R., J. Physiol., London, 162, &7P
{1962} .
\q; " 10 2. Mustard, J. F., Hegardt, B. Rowsell, H. C. and

MacMillan, R. L., J. Lab. Clin. Med., 64, S48
(1964) . '

3. Evans, G., Marian M. C., Packham, M. A.,
Nishizawa, E. E., Mustard, J. F. and Murphy,

15 E. A., J. Exp. Med., 128, 877 (1968),

Inhibition of Platelet Agaregation Following Oral
Administration

This test is sometimes referred to in the art as
an Ex vivo method and was initially described by Fleming,

~/ 20 et al,, Arch. Int. Pharmacodvn. Ther., 199, 164 (1972).

Briefly, the assay is essentially carried out as follows.
Aggregometry is performed in vitro as previously
described on platelet rich plasma samples obtained from rats
dosed with either test compounds or the vehicle, 1In all
25 cases, activity is determined 2 hours after the drug is
admipistered ora;ly at various doses by gavazin%s a suspen-~
20 Drug

sion in 0.9% water plus a few drops of Tween

activity is expressed as EDso's (that dose required to

17



activity [err]. In this test, the [err] value of mlrinone, -a known

I notropic agent, is 2 x [err] nolar. Results are given in Table |
hereinafter for various 5 Formula | and Formula Xl| (infra.) conpounds. In
Vitro Inotropic Activity The basic assay-is a nodification of that

descri bed by Anderson, Drug Devel opnent Research, 3, 443-457 (1983).

b 155, o0 a3 S50 BY oS oSahatboeth T T 2 g
thes elése%%veﬁ% &P B AL o390 RHRREYs | B4 RSB DS where they

aree Jauid riven an-rni |a equl Tat)on period, thgj

atri ﬂ»a%%&g %ts%& Wit e OR2RRoRn At 17 EOREEPLEah i @8 Qipd-Grdd 15 Mol ar
(M. This depresses their native force of -contraction but al so renders

t hemdartrSeRfidupss to the positive inotropic effects of phosphodiesterase
inhibitors. The ability of ‘drugs to increase the force of contraction of
the atria is asedddd tBedo tdepERgg ofir dépyvidamsie cspmerdsr20 -are
obt ai ned and reported as a percent of the propanolol control value. Wen -
desi rgwn tHY ag/dodnchiedadreidnge 151 4-PgRE/ ke i aREFHEYE E® spont aneousl y

Egpn{aﬁi&qnb%fgﬁiﬁf% Resu.l ts..ar e)f%k\(;?fgﬁlbﬁﬁgap‘i@m“ia hfl‘Elé‘lafter for various

Formula XII_(lnfra.)_cpmpounds.

Inhibition of Cvclic AMP Phosphodiesterase = . i} \f’
10  This assay is carried out essentiallv as described

by Thompson, et _al., Methods in Enzymolocv, 38 205=-212.

(1974) . Brieflv, tritium labeled cyclic adernosine mon cohos-
phate (cAMP) is incubated with a phosphodiesterase (PDE)
enzynme obtained from human platelets'which converts a

15 portion of the cAMP to 5'AMP in culture tubes. This reac-
tion is terminated'by'subﬁerging the tubes in a boiling
water bath aftgr‘which théy are placéd.on.ice and an aliquot
of snake venom is added to each tube. This, during a second
incubation, converts the 5'AMP to adencosine. “Ion exchange

20 resin is added to bind the remaining cyclic AMP. The tubes
are centrifuged. to sediment the resin and a portion of the
clear supernatent. (which contains radiocactive adenasine) is
counted in a liquid scintillation counter. The cAMP
phosphodiesterase inhibition activity of a test agént”is

25 Qdetermined by pre-incubating the PDE enzyme preparation Qitﬁ'
the test agené. Dose'résponse values are obtained and

activity of the test agent reported as the molar (M) comr-

.18



n Vivo Inotropic Activity This test is carried out in ferrets as follows.
Fasted anesthetized ferrets are instrunmented to study henodynam c
paranmeters as well as right ventricular 5 contractile force using a
Wal t on- Brodi e open strain guage arch. Drugs are adm ni stered

i nt raduodenal |y as solutions in DVMSO (1 nL or less) and effects on

nyocar di al ceghtalkibs b2 ¢ReaRdsPl énpa{fﬂggfgfh§”§bﬂny¥ %gregpior 60

m nutes after dosing. Changes in con racti orce in response to 10 dru
treat nent arecumwsqd @shel’ MEnOthPer €664, cbﬁ;lglscfrq,@wee@qse control. In
this test, mlrinone proa ces a 52%increase in RV&® at 3 /kg. Results
are given inmidplisone,her knnwht énotoopiaragerst Farsnd a 11 0arfd modarul a Xl |
(infra.) congpunds 20 TABLE | Inhibition of Platelet Aggregation and

0

CAVP Phosph §§tlélsa§é’ePB&t"6Pe#nl'ﬁﬁbb?tlohﬁremafter for various

CAMP 5 - Ra Ex Vivo Phosphodi est er ase
[err] 3 [gpﬂnula(l}c&nﬁi_%ormula Rep! }M‘d:’ compoundsran Pl atel ets
Exanpl e vs. ADP vs. collagen [err](ng/kg) [err] (M
0.8 0.2 . 12.6 3 x [err] 2 0.75
0.08 In V8t%0 Inotropic AS¥iv£Ev] : :

" The basic assay is a modification of that

described by Anderson, Drug Development Research, 3, 443-457
X (1983). Briefly, guinea pigs are sacrificed by cervical |
\‘&1";10 dislocation and the heart rapidly exposed. Silk thread ties
are placed on the left atria and these are removed from the
animal and mounted in tissue baths where theyv are electri-
cally driven. Afﬁer an initial equilibration period, the
atria are treated with propanolol at a concentration of 10-5
15 Molar (M). This depresses their native forcé of contraction
but also renders them more sensitive to the positive
inotropic effects of phosphodiesterase inhibitors. The
ability of drugs to increase the force of contraction of the
atria is assessed. Dose response curves of test compcunds
20 are obtained and reported as a percent of the propanolol
centreol value. When desired, the chronotropic response of
right atria which beat spontaneously can alsc be assessed.

Results are given in Table II hereinafter for various

Formula I and Formula XII (infra.) compounds.
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3 0.08 , 0.03 13.3 ' 3 x [err]

10

4 0.18 0. 06 12.2 5 x [err] 5

0.4 0.125 _ 14.9 5 X [e r] 6 0.5
0.1 18.3 3x [err] 7 - 0. - 0. 03
3.2 1.5 x [err] 15 8 0.6 0.3

6.8 5 x [err].. : 0.15 - 0.1 7 8.4

1. x I&”q;vqf;notrqplclgcﬁlvztv 01 . 7.3 4 x
[err] 11 2 X [err]
12 (ﬁpzé)éggt 1=(fﬁ££14% %%t in fgrretg as follow§ x ferr] gj
13 0 %%sted anestﬂ@é%ied ferrets are instrumented €oX [€rr] 1

0. 96 .94 ob 5x [err] 22

0.2 study hemodvnamlc parameters heXwelldr s 23ght ventrcibar 0-1
8.2 8 x [err] 24 0. 25 : 0.13 ' '

2 x ¢ontiatile fre using &) Walton-Brodie Opén strain guade® :

3 X [err] 26 10 10 7 X
[errir Druqs are adm;nlstered7lntraduodenally as solutions 3 x [err]
%8 in DMSO (1 mL or less) and effects on mvocarfkaﬁeF?TtﬁﬁFtlléﬂatel29

L’Eg!sﬂjﬁooé) es’%der%%heel[ eg'arl]ame'[érfcsg/a me)' mon&%lg@eld\r)sf?{%gggmm u[raEREI at e[ae(t;/ v
afte:_doslng. Changes in ccntractile: force in response to
10 drug treatment are expressed in terms ofrpercent change from ot $g)
predose control. | |
In this test, milrinone pr oduces a 52% lncrease 1n .

RVCF at 3 mg/kg. Results are given in Table II herelnafte:

'for various Formula I and Formula XII (infra.) compounds.

20



collagen [err] (nog/kg) [er(r)?(ll\/p 20-3

Exanpl e[-err] vs. ADP vs. 1 x [err] 35
8' 82 ' 0 2?0 el o o) oo ound i ggnt ificati on12b. 33%
9n)r(n L%lr]ona 22Ref erT}A%LEX?:Tp: ﬁgt lrjglpl()\(l:v ng{! Suotn@ In Vivo b Ferret In Vit rg
L/oChangga RVCIlz 5 E)iirrpl ef[err] Gui n'BhBWgIA”'a 6 [err] -6 2
e CEERSSEEmammEe
27 [err] 2 4 . 2 [err] 26
5 N, + 24 [err] 2 8
-12 [err] [ err] 7 Iilsfiigt{ggﬁgi]&lﬁgP Ex Vivo' Phosphodfgg_ie*aee
%ngfr{Lr?]léi_gmple 10 EcﬁBP(msg{m§ZIIaaen zgzétﬁgskg)123uma?c::?;;1qqs
11 [err] 4 1 0.8 0.2 12.6 3 x 10
2 0.75 0.08 © 18.9 3 x 1077
10 3 0.08 0.03 13.3 3 x 1079
4 0.18 0.06 12,2 5 x 1078
oy 5 0.4 0.125 14.9 5 x 10‘:
6 0.5 _ 0.1 18.3 3 x 10”
7 0.1 0.03 3.2 i.5 x 107°
15 8 0.6 0.3 6.8 5 x 1078
9 0.15 0.1 8.4 1 x 1077
10 0.1 0.1 7.3 4 x 1078
11 0.11 0.09 32 2 x 1078
12 0.04 0.02 5 2 x 10”8
200 13 0.13 0.08 _ 6 x 1079
14 . 0.96 0.94 10P 5 x 1077
o 22 0.3 0.2 1 x 1077
23 0.15 0.1 8.2 8 x 1079
24 0.25 0.13 2 x 1076
25 25 0.4 0.7 >10 3 x 107
26 10 10 | 7 x 1076
27 7 7 3 x 1078
28 4 3 2 x 1078
29 7 3 1 x 1078
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20 3 15 [err] [err] a. Refer to

. Exanpl es bel ow for corrpound identification. 20 b. Activity - increase in
contractile force O - Not significant at [err] M+ - 50%increase at [err]
to[err] M++ - 50%increase at [err] to [err] 'M +++ - 50% i ncrease at
. [err] to [err] M25 ' ++++ - 50% i ncrease beI ow [err] M c. Mean
[err] standard er Qrt g nr} nore than 1. §_y§t 10 ny/ kg
e. 2 at 10 ng/ kg £ %2 ’t° 0 g at _10 ny/ kg
h. 30 [err] 5 &. iar% % ? PRQ' rf&*qui Pho§k%od§esterase hi s

€ Human Plate%ets t\)

i nven §ut| ty . i biting
dlesth&gﬂgha bb iBP vs cnlla&en ED q F ﬁ#? 110

agm ni goeni ng a tbeoapeutl calbyomffectl ve amount -5 of a1cemmuﬁd of
Formula | or Formula XI| (infra.) or a pharmaceutically acceptalgl e salt

thereoB5to a mamr@l1in need of.8&ch treatn®. Additionald y 10 this
invention as stated above has utili ty : fOI’_GI ncr easi ng
heart Bfotropic &8tivity , vi%. by admi ni sterij nggté‘ 3l

 a. Refer to examples below for compound identification.
b. 33% inhibition.
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.10 warm bl ooded aninmal, including man, in need of such treatnent a
therapeutically effective anobunt of a conpound of Formula | or Fornula Xl
(infra.), preferably a conpound selected fromthe group consisting of

- 7-fluoro-1, 3-di hydr o- 2H-i m dazo[ 4, 5-b] qui nol i n- 15 2-one
8- met hyl - 1, 3-di hydr o- 2H-i m dazo[ 4, 5- b] qui nol i n- 2-one

1, 3-di hvdro-7, 8-di net hyl - 2H-i m dazo 4, gaRkg q4i nolin-2-one 20

1, 3-di hydro-8-chl oro- 7- et hyl - 2H i mi dazo[ 4, 5-b] - qui nol i n-2-one

8-net hvl -1, 3,9, 9a-t et rahydr o- 2H | Tndazepd cSakkivauiynol i n- 2-one The dosage
enpl oyed in t hese therapeutic 25 nmethods will vary with the form of
adm njstration, the particul ar conpound chosen, the sublmc¥ivei nFdresHted -
and The gffect desjred. aSuitatimeVdtrectiveydoses in ant n@hangerRECH r om
0.5-30 ny/ kg body B¥&mpde or T &: a05- 10 ng/ kg 2409/ khody. dwei ght
parenterally (generally charact er_'_i+zed as subcut aneous, intrglrrus ular, and
intravenous injection). It is contenplated that the effect?v® fhit dose in
man will range fromG 1 to 30 ng, and preferably fromO0.5 fﬁ)SZ_p ..

3 4+ 27 + 2
4 ++ i -8 + 1°

10 5 + | 242
6 0 | o -1242°

Ras % 7 +htt | 24 + 2
8 0 .18 +13

9 + | 17 + 9
15 10 0 | 21 + 39

11 _ 0 _ : 6
12 R & 11 + 4
20-3 T 15+ 4B
a. Refer to Examples below for compound identification.

20 b. Activity - increase in contractjle force
‘0 - Not significant at_io M 5

| .+ - 50% increase at 10_. to 10_cM
W ‘++ - 50% increase at 10_c to 10_.M
‘4#++ - 50% increase at 10 ~ to 10 'M

25 ++++ -~ 50% increase below 10 M

c. Mean + standard error when number (n) more than 1
d. 8 + 6 at 10 mg/kg
e. 2 at 10 mg/kg
£. 12 +12 at 10 mg/kg
30 gq. 14 + 8 at 10 mg/kg
h. 30 + 5 at 0.3 mg/kg
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5 adm nistered one to three tinmes a day. In accordance wi th conventi onal
clinical practice, the effective dose can be determ ned by adm nistering a
Forrmula | conpound at a dosage substantially |less than the dose of the -
conpound which is thought to be effective and then increasing the dosage in
10 small increnments until the desired effect is achieved. In carrying out
t hese t herapeutic nethods, the active ingredient of Formula | and
Formula XIl (infra.) and pharmaeutically acceptable acid addition salts

t hereof are pref asabtytedibaivet,ered with a phahbRcitenzabhy 15  acceptabl e
carrier and such conpositions constitute part of the instant invention. .
Sui t abl radostikitwrns for oral use arket dishdbiting ghasphpre powders, (>

granul eg, capsul es, .sy{u nd el [xirs, anpl es of parenteral forns are
sol uti o%%?s%"os qé*ngf’g_n\bg"%qs592'825?'5%5?9%%% |lnﬁs ,"naﬂcf'ﬁﬁﬂée‘il‘i ke. The 20
CONpPOoSi §j@NSbyOr a@mdhisEér 1YY aC Rt AdPe iGN yTREEeCONELRRbARNA! adj uvants,
such as sweeteni ng agents, flavoring aaents, coloring agents and preserving
agerg s, of na crarground pf oXommla oopoBSermwa GIIsditfid & plraanaceuti cal

el egance, Tabl ets naiﬁcontain the active ingredient in _admxture with 25

convent PRAERaGRPSIFAL AYit FTSRPLADLe pFALY EheXErSi Rt @ TaAddiRgPeSfert dil uents
such as_ gal cium,carhopat eaadpelionaiaan,bonat g, ;Lagf 056 and.tal c; granulating
and di sintegrating agents such as starch ang alginrc a0|5; bi ndi ng agents
such assgi@édlabote has utility ' for increasing
heart inotropic activity , viz. by administering to a
10 warm~blooded animai,'including man, in need of such {_4\_2'

treatment a *herapeutically effective amount of a compound
of Formula I or Forrmula XII (infra.), preferably a compcurd
selected from the group consisting of
7-fluoro-1,3-dihvdro-2H-imidazo(4,5-blquinolin-
15 ' 2-one |
8-methy1-1,3—dihydro-2§-imidazo[4,5-b]quinolin-
2-one
1,3~dihvdro-7,8-dimethyl-2H~-imidazo(4,5-b]~
quinolin-2-one '
20 1,3~dihydro-8-chloro-7-methyl-?H-imidazo(4,5-b}~ L
quinolin-2-one | .
B-methyl-l,3,9,9a-tetrahydro-2§fimidazo[4,5-5]-
quinolin-2-one |
The dosage employed in these therapeutic
25 methods will vary with the form of administration, the
| particular compound chosen, the subject being tested and the
effect desirea. Suitable effective doses in animals rangé

from 0.5-30 mg/kg body weight orally and from 0.05-10 mg/kg
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gelatin and acacia and | ubricating agents such as magnesi um st ear at e,
stearic acid and talc. The tablets may. be uncoated or coated by known
techni ques to delay disintegration and absorption in the gastrointestinal
tract 5 and thereby provide a sustained action over a |onger period.
Simlarly, suspension, syrups and elixirs. may contain the active ingredient
I n adm xture with any of the conventional excipients utilized for the
preparation of such conpositions such as suspendi ng agents (e.g.,

met hyl cel | ul osebody weighgaganeihtemmidysddenerslly chheactercizedngsagent s
(e.g., lecithin, polyoxyethylene stearate) -and preservatjves such as

et hyl - p=hydr oxfb‘?ﬁ?B%‘? US ,CAPETAUEHRG T e PR S IR HERYRLES ViR s gie) entItal one

or adri xed wi th; A fiakioiseblderlid U1 o3PED A% GG HILEADQRR! Gy £l Ci um

phosphat e and kaol 1 n. I njectirble conpositions are fornulated as

known in the artaggel frey 00Dt 8b N3EMA.ORAE b Fe FHIABRAYS EAGn . SVRbL pOIGngAgeNnt s
and suspendi ng agents identical or simlar to those nentioned above. The
Exanpl es whikh &@nimistieriedsenat o tthaeentimes on dayut 8o Iruordanchewitdses of

Exanpl es 16-19, 30, 32-34, 3 39,. 41 and 42 rel ate to, conpounds ich are
theggel ves corrp‘é%‘é’s“td'fc’"taﬁeciﬁﬁé‘fﬁ]i (?ﬁ.*‘“#?%b,t"t%égeﬁhﬁl $®aF8" it to be

construed as |1 ghidsildd® by R UberTRBYs A4l 1a08S cBRIAUMPATSH DhSs e i
its ambit. All tenperaturés are degree$ Centigrade. Melting polnts taken
with a Thonmas Heevetaradpillllvalysapianaitbis asee WE @hecebesbundCatient ional
abbrevi ations are enployed in reporting Nucl ear Magneti c Resonance (NVR)
thought to be effective and then increasing the dosage in '
\_Jff\/ 10 small incremenﬁs until the desired effect is achieved.
| In carrying out these therapeutic methods,
the active ingredieﬁt of Formula I and Formula XII (infra.)
and pharmaeutically acceptable acid additioh salts thereof
are preferablv admiﬂistered with a pharmaceutically
15 acceptable carrier and such compositions constitute part of
| the instant invention. Suitable doséqe forms for oral use
are tablets, dispersiblé powders, granuleé,-capsules,'syrups
énd elikirs. Exahéles of parenteral forms are solutions,
suspensions, dispersions, emulsions, and ihé like. The
o 20 compositions for oral use may contain one or more
conventional édjuvants, such as sweetening agents, flavoring
acents, coloring agents and preserving agents, in order to
provide a cohposition of suitable pharmaceutical elegance.
Tablets may contain the active ingredient in admixture with
25 conventional §harmaceutical acceptable excipients including
inert diluents such as calcium carbonate, sodium carbonate,

lactose and talc: granulating and disintegrating agents such

as starch and alginic acid; binding agents such as starch,
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_spectral data with tetranethylsilane as internal reference and chemcal
shift data values in parts per mllion. 26 EXAMPLE 1

8- Chl oro-1, 3-di hydro-2H i m dazo[ 4. 5-b] qui nolin-2-one [ERR] 5-

. [(2-Chl oro-6-nitrophenyl)nethyl]-2,4-imdazoli- 5 difnedione (2 g, 7.4
ool ) in dinmethyl formam de (40 nL) was hydrogenated over 10% pal | adi um on
~charcoal (0.2 g) at 60 psi until hydrogen uptake ceased. The reaction

m xture was heated on a steambath for 2 hours, filtered through a pad of
i nfusorial earth and concentrated in-vacuo .o give .a 10 solid.

Cryst agélatdn @amdf ngmﬁetmwbgaqetthteeds such as magnesium.

8- chloro 1, 3 d|h dro 2H i 4 5-Db] qui no| | n- 2- one 1.20 g, 56%, nlpJ
>360 C8 Fears Mc’?e ‘1%: s LLF , 18.98; O, 16.01;
[err] ’uxpccga]ted %Q‘Ugdateg b&inoan ééchri'i 9%0 b1k 93 d, 15.76; [err],

0. 75. err 7.44 to. ), 7.69 (1 s); 7.80 (1,dd, 3Hz,

6Hz) ; dﬂsﬂﬁtdékah&bn iﬂd?ﬂbdbiphibn fﬂ’the gast:oxntestinal tract
5 and thereby proVide a sustaxned action over a longer period
similarly, suspenszon, avrups and elixirs may contain the
active ingredient in admixture with any of the conventionel
exc-pients utilized for the preparation of such compositions
such as suspending aqents (e.g., methyloellulose, |
10 tragacanth, and sodium alginate), wettinq agents (e -
lec;tnin. polyoxyethylene“stea;ate) and.preservatives such
as ethyl-p-hydroxybenzoate. Capsules may eontain tne active
ingredient alone or admixed with an ine:t solid diluent such
as calcium carbonate, calcium phosphate and kaolin. The
15 injectible compositions are formulated as known in the art.
and may contain appropriate dispersing or wetting agents and

suspending agents :.dent:.cal or similar to those mentionedd:ove

The Exanples which follow illustrate the inventim, but do not in
the cases of Examples 16-19, 30, 32-34, 38, 39, 41 and 42
relate to compounds which are themselves. compounds of the
invention. Also, these Examples are not to be construed
as 1imiting the invention, many variations being possible
within its ambit. All temperatures are degrees Centigrade.
Melting points taken with a Thomas Hoover capillary
apparatus are uncorrected.. 'Conventional abbreviations are
employed in reporting Nuclear Magnetic Resonance (NMR)
spectral data with tetramethylsilane 'as internal reference
and chem1ca1 shift data values in parts per million.
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EXAMPLE 2 7-Fl uoro- 1, 3-di hydro- 2H—|n1dazo[4 5-b] qui nol i n-2-one [ERR|

5- [(5 Fl uor o- 2- nltrophenyl)nethyl - 2, 4-imdazoli- dinedione (6 g, 23
mol ). i n di net hyl formam de (120 nL) was 5 hydr ogenat ed over 10% pal | adi um
on charcoal (0.6 g) at 60 psi until hydrogen uptake ceased. The reaction

m xture was heated on a steambath for 2.5 hours, filtered through a pad of
i nfusorial earth and concentrated i rEXPMRIE t10 gi ve a solid which was
suspended in boiling nethanol (750 nL). 10 After 18 hours, the hot

m xture was filtered and soIv%wﬁhknnqni£ﬁ1§ihxdﬂqa¥ﬁ3 a solid which was

di ssolved in boiling netha g, 7.9 mol ) added
in 2_equal portions. After 15 nlnutes t he sol vent was evaporated and the
residue treated with a solution g sod|Hn115 thiosulfate (10 g) in water
(100 nlL) and sodi um car bonat e ESO m.). A sandy brown solid
(2.80 g) was filtered off and p hy! sul foxide (30 niL).
Addi ti on of dichl oronethane preé ( uoro -1, 3-

di hydr o- 2H i m dazo[ 4, 5- b] qui nol i as aHydrate 20 dichl oronet hane

sol vate dinethyl sulfoxide solvatg (2.18 g, 45% mp. >360 C. 28

| 5- [ (2-Chloro-6-nitrophenyl)methyl]-2,4-imidazoli-
5 dinedione (Z_g, 7.4 mmol) in dimethylformamide (40 mL) was
hydrogenated over 10% palladium on charcoal (0.2 g) at
N~ / 60 psi until hydrogen uptake ceased. The reaction mixture
was heated on a steam bath-for 2 hours, filtered thrcugh a
pad of infusorial earth and concentrated-ig vacuo to give a
10 solid. Crystallization from methanol gaVe hydrated
8-chloro—1,3-dihydro-2H-imidazo[4,5-g]quinolin-2—one.
(1.20 g, 56%), m.p. >360°C. |
| - Anal. Caled. for C,,H.CIN,0"0.1H,0: C, 52. 24,

1076 2

H, 2.82; N, 18.98; C1, 16.01; H20; 0.81., Found: C, 54.18;

20, 0.75.

NMR (DMSO-d.): - 7.44 to 7.65 (2,m); 7.69 (1,s);

15 H, 2.93; N, 18.93; C1, 15.76; H

7.80 (1,dd, 3Hz, 6Hz); 11.18 (1,bs); 11.70 (1,bs).
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Anal . Calcd. for [err] 0.2[err].0.05[err] .0.05err]: C, 56.72; H 3.19;

N, 19.55; [err], 1.68. Found: C, 57.01; H 3.09; N, 19.24; [err], 1.66.
NVR (DMSO-[err]) : 2.60 (bs, [err]); 5.74 (s, 5 [err]); 7.20-7.95 (4, m;
11.30 (2,bs). EXAMPLE 3 8- Met hyl -1, 3-di hydr o- 2H*i m'dazo [ 4, 5-b]

qui nolin-2-one [ERR] 5- [(2-Methyl-6-nitrophenyl)nethyl]-2,4-imdazoli-

di nedione (5 g, 20 mmol) .in di rtameifeorzram.de (200 nL) was 10

hydr ogenat ed over 10% pal | adi um on charcoal (0.5 g) at 60 psi until

hydr ogen 4R hkerachsee i Fihir o-gfttimdd aziodtduSe bign imedtiod 2e6nne st eam bath for
2 hours, filtered through a.plug of infursorial earth and the sol vent \
evaporated. The residual solid was suspended in boiling nethanol and iodine
15 (4 g, 15 mol) added in foHr equal portions over 10 minutes. The

m xture was refluxed 104A Ny dotrated.in vacuo and the residue
treated with a solutio | fate (45 g) in water (150 nl)
and a sol ution of sodi : in water (150 nL). The insoluble
solid 20 (4.75 g) ¥ S off gnd dissolved in 10% hydrogen chl ori de
in methanol. Addition of ether precipitated

8- net hyl - 1, 3-di hdyr o- 2H-|n1dazo[4 5-b] qui nolin-2-one as a hydrochlorlde

hydr at e( 3. 38 g, 71%, . 350-355 C (dec). 29
-[(5-Fluorobz-nltrophenyl)methyl] 2,4- lmldazol*-

dinedione (6 g, 23 mmol) in dimethylformamide (120 mL) was .
5 hydrogenated over lp% palladium on charcoal (0.6 g) at k) {u)
- 60 psi until hydrogen uptake ceased. The reacticn mixture
was heated on.a steam bath for 2.5 hours, filtered through a
pad of 1nfusor1a1 earth and concentrated in vacuo to give a':
solid which was suspended in boiling methanol (750 mL).
10 After 18 hours, the hot mixture was filtered and solvent |
evaporated to leave a solid whico was dissolved’in'boiliog"
methanol (500 mL) and iodine (2.0 g, 7.9 mmol) added in 2
equal portions. After 15 minutes, the solvent was
evaporated and the residue treated with a solution'of'sodiuﬁ |
15 thiosulfate (10 g} in water (100 mL) and sodium carbonate | ()
(5 g) in water (50 mL). A sandy brown solid (2.80 q)”was:- |
filtered off and dissolved in dimethyl sulfoxide (30 mL).
Addition of dichloromethane precipitated 7-fluoro -1,3-
dihvdro~-2H~imidazo[4,5-blquinolin-2-one as a hydrate
20 dichloromethane solvate dimethyl sulfoxide solvate (2.18 g,

45%) m.p. >360°C.
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Anal. Calcd. for [err] .HO .0.35err]: C 54.60; H 4.46; N, 17.37; d,
14.61; [err], 2.61. Found: C, 54.30; H, 4.15; N, 17.49; O, 14.54; [err],
0.38. NWR (DWsO-[err]): 2.62 (3,s); 7.35 (1,d, 8Hz); 7.54 5 (1,d, 8Hz);
7.80 (1,s); 7.83 (l,d, 8Hz); 9.72 (1,bs); 11.70 (1,bs). EXAVPLE 4
7-:Met hyl - 1, 3-di hydro-2H i m dazo[ 4, 5- b] qui nol i n-2-one [ERR] 10 !
5-[ (5-Methyl - 2-ni trophaial ) tRtiegl.] £f3rdci /l dﬁéol Le.dﬁg@damm:r{ﬁ: , 20l ) ‘
i n di net hyl formam de (Z00 nl) maS'hydroéeﬁat d over 0@6palléﬁi on \
charcoal (0.50%5 H@[B:psic,urStGi.I?Zhyﬂr,ogen9upNak&9c§&se&l20.T.‘neG&.eac_tion- {
m xture was heated on a steam bath for 2 hours, filtered through .5 z
i nfusorial e&PWnd and cdieditir é’ueé-ioﬁ?véleué?-Z‘Fhﬁﬁgési Hubb- solid was treated

1

wi t%/boi |l i ng net hanol (300 nd iodine (4 g, "15_mmo dded in 2 equal
portions over 10 m nutlé@. @g%ﬁ)qus&/as CofP; &Béd Fgasﬁuﬁutﬁe&eﬁsm nut es
before the sQlvent, \ /é ted_and,thga.resi treated with a solution

of sodiu'tr#%ﬁéﬁaégf?1§¥a§$k?AQWa ér1?1$8'ﬁéfgggd a sol ution of sodium ;
carbonate (10 g) in water (100 nl). Ax3NpPLE 3 ‘

8-Methyl-1,3~dihydro~2H-imidazo[4,5-blquinclin~2-one

LA
L~
H
3.

S-{(2-Methyl~6~-nitrophenyl)methyl]=-2,4~imicdazoli~

CH

dinedione (5 g, 20 mmol) in dimethvlformamide (200 mL) was
10 hydrogenated over 10% palladium on charcoal (0.5 g) at
60 psi until hydrogen uptake ceased. The reaction mixture
was heated on a sﬁeam bath for 2 hours, filtered throuch a
plug of infursorial earth and the solvent evaporated. The
residual solid was'suspended in boiling methanol and iodine
15 (4 g, 15 mmol) added ih four egual portions over 10 minutes.
-/ The mixture was refluxed 10 minutes, concentrated in !3532
and the residue treated with a solution of sodium thio-
sulfate (45 g} in water (150'mL}) and a solution of sodium
carbonate (15 g} in waterlflso mL). The insoluble solid
20 (4.75 g) was filtered off and dissolved in 10% hydrogen
chloride in methanol. Addition of ether precipitated
8-methyl-1,3-dihdyro-2H-imidazo(4,5~bjguinolin-2-one as a

hydrochloride hydrate {(3.38 g, 71%), m.p. 350-355°C (dec).
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light brown solid was filtered off (4.09 g) and dissolved in 10% hydr ogen
chloride in nethanol. Addition of ether precipitated

" 7-nmet hyl -1, 3-di hydro- 2H i mi dazo[ 4, 5-b] - quinolin-2-one as a hydrochl ori de

hydrate (3.60 g, 74%9 mp. 5 [err]. Anal. Calcd. for [err].HO.O0.3[err]:
C, 54.81; H 4.43; N, 17.43; d, 14.71; [err], 2.24. Found: C, 55.15; H,

4.56; N, 17.16:.d, 14,Q3:., [err].. 0.69. NWR o[ . 2.45
(1,d, 8Hz): 7. PRy ‘ﬁ%i%553#$£610f983°8HEF?D?E:aégéégﬁs); 11

enyl ) ret Simdazdl i 5°8rnedione (3

oro-2-nitrop

(3,s); 7.44
62 (1, bs).

EXANRLE 4 JoC0lior o dadk oy eyl Midagal dSobl quk ol | pogere [ERRL S

g. 11. A/

nnDI)cjnsﬂjycgrndf4uﬂ3yﬁnya1@@Q9¢Lh1waggh3dgogeagtgg3gyer 10% pal | adi um on
charcoal (0.3 g) at 60 psi until hydrogen uptake'ceased. The reaction
m xture was heamxl (DMSD-a3 Ham atei2 f(ar, s¥ ;hauss, (i &t earsh § hr osgh i nfusori al

earth and concentrated to about 10 nlL. Addition 20

of di chl or onet hane

Sur ni éhedl, h8#RJat etk 80 cHl o- 7.833di(BydroB8H2Msi @i @Az 6L 4bS) b] LLi TI i n- 2- one
(1. 22 g;bSOWQ, mp. >360 C. Anal. Calcd. for [err] O.1[err]:
a

2.82: (
18. 88;

10

- 15.29; [err], 0.52p3hers 4

7-Methyl-1,3-dihydro~2H~
imidazo[4,5-b]auinolin-2~one

5-[(5-Methyl-2-nitrophenyl)methyl]-2,4~-imidazoli~.

dinedione (5 g, 20mmol) in dimethylformamide (200 mL) was.

hydrogenated over 10% palladium on charcoal (0.5 g) at 60

C, 54.24; H,

98:98; O, 16.01; [err], 0.81. Found: C 54.36; H 2.83; N

psi until hydrogen uptake ceased. ‘The reaction mixture was .

heated on a steam bath for 2 hours, filtered through
infusorial earth and concentrated in vacuo. The residual .
solid was #reated with boiling methanol (30b mL) gnd iodine
(4 g, 15 mmol) added in 2 equal portions over 10 minutes.
Reflux was continued for a further 25 minutes before the
solvent was evaporated and the residue.treated with a

solution of sodium thiosulfate (17 g} in water (170 mL) and

a solution of sodium carbonate (10 g) in water (100 mL). A
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NVR.(DVBO-[err]): 7.46 (1,dd, 2Hz, 9Hz), 7.59 (1,s); 7.79 (1,d, 9Hz); 7.99
(1,d,-2Hz); 11.10 (1,bs); 11.50 (1,bs). EXAMPLE 6 5

1, 3-Di hydro-6, 7-di net hyl - 2H i m dazo[ 4, 5- b] qui nol i n-2-one [ERR] A sol ution
of 5:[(4,5-dinethyl-2-nitrophenyl)- nethyll-2,4-im dazolidi nedione (3 g,
11.\4 mmol) in dinethvl- formam de (100 nL) was hydrogenated over 10%

pal I adi um om {Sh€her &oRl s4 D13 s Uillide R0 LEEEN4UBDAKE 8RASEHssd\fed BaCT T ON
m xture was heated on a steambath for 3 hours beforé filtering through
infusorial epothydwogen achDorde tire nmeahaeel .af haddedoancdi ehéi ch was

di ssolved in boiling nethanol (150 nL) and treated with iodine (2 g, 7.5
mol ) in 15 pregipitaved i orrethick-1 ,5-dihydres 2BAfimédazofdy Shkl-15 ni nutes
at reffux the solvent_was evaporated and a sol ution of sodi um carbonate (9
g) and sodi EHiRRbERTE20Re (35 3 hyfneahdiordfgohydrasaddd. 60 gpal &l dtiRw
solid was fi I#}f&@d of f and dissolved in 10% hydrogen chloride in nethanol.

The 20 Sol v& was evaporated and the residue crystallized from net hano

t [ 1, 3-di hydr o- 6, 4= di t 2 H ¢ 10 - 2 A, ' Ln-2- .
hgd?ggﬁloridelhgd:gte Q gedgya /6,fég;§Taﬁﬂyg?fﬁsglegbﬂgbkn 8,09?.@§,a

H, 4.43; N, 17.43; Cl, 14.71; Hz

H, 4.56; N, 17.16; Cl, 14.03; HZO' 0.69.

0, 2.24. Found: C, 55.15;

NMR (DMSO-d.): 2.45 (3,s); 7.44 (1,d, 8Hz); 7.75
10 (2,s); 7.90 (1,4, 8Hz); 11.00 (1,bs); 11.62 (I,bs).
Ny EXAMPLE 5

7-Chloro-1,3-dihydro-2H-
imidazo[4,5-blquinolin-2~cne

| H
_ N DN N
N}O
1 A=)
' H

5-[(5-Chloro-2-nitrophenyl)methyl]-2,4~-imidazoli~

15 dinedione (3 g. 11.1 mmol) in dimethylformamide (60 mL) was
hydrogenated over 10% palladium on charcoal (0.3 g) at 60
psi until hydrogen uptake ceased. The reaction mixture was
heated on a steam bath for 2 hours, filtered through
infusorial eafth and concéntrated to about 10 mL. Addition

20 of dichloromethane fﬁ;nished hydrated 7-chloro-l,3-dihydro-
2H-imidazo[4,5-blquinclin-2-one (1.22 g, 50%), m.p. >360°C.

 Anal. Calcd. for C, HCIN,0 0.1H,0: C, 54.24;

1076 3

H, 2.82; N, 18.98; C1, 16.01]; H,O, 0.81. Found: C, 54.36;

2
H, 2.83; N, 18.88; Cl, 15.29; HZO' 0.52.
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. /“‘"‘/—-—‘——_—i B .

Anal . Calcd. for [err].HO .0.15err]: C 57.10; H 4.91; N, 16.65; [err],
1.07. Found: C, 57.04; H 5.01; N, 16.57; [err], 1.02. NVR (DVSO[err]):
2.36 (3,s); 2.39 (3,s); 7.70 5 (3,s). EXAMPLE 7
1, 3-Di hydro-7, 8-di net hyl - 2H-i m dazo[ 4, 5- b] qui nol i n-2-one [ERR] (a)

1, 3-Di hydro-7, 8-di net hyl - 2H-i m dazo[ 4, 5- b] - qui nol i n-2-one. hydrochl-ori de. -
5-1(2,3-Dinethyl-6-nitro- 10 phenyl ) net hyl ] -2, 4-i m dazol i di nedi one (2.15
g, 8.2 nmol) i¥MRii (AMSBASG Irimai.dé ((309dL) 2ilas BRidl ogenst etl ovler 10%

pal | adi um on_charcoal_ (0.2 g). at 55 psi.. _After_ 4 hours, 10% pal | adi um on
char€od? (De®r FBZkis Bdfod la HHF sgddadfoldleBAl i nkbeSOAfter 18 houtg: the
reac #Q%sfixture was heéated 15 on a steambath for 1.5 hours, cool ed,
filtere hrough infusorial earth and the sol vent evaporated. The residual
solid was suspended in boiliggaaviagol (100 nL) and treated with iodine (1
g). After 30 mnutes the reaction m xture was concentrated to about 30 nL
and a sol ution of soy) 3up iy drd-1e , o5 difmalt®y( 1O5g) and sodi um carbonate (10
g) in water (100 nl)imvickiegb [45 Sxbdwiuinelliig-Radnéi | tered of f, washed with

wat er and met hanol and treated wth 10% hydrogen chloride in nmethanol. The
I nsol ubl e brown solid was suspended iﬁ

CH, N N
N
H

CHq

A solution of 5-[(4,5-dimethyl-2-nitrophenyl)~-
methyl]-2,4-imidazolidinedione (3 g, 11.4 mmol) in dimethyl-
formamide (100 mL) was hydrogen§ted over 10% palladium 6h

10 charcoal (0.3 g) until hydrbgen uptake ceased. The reacticn
mixture was heated on a steam bath for 3 héuré before
filtering through infusorial earth. Evaporation of the
solvent afforded an oil which was dissolved in boiling
methanol (150 mL) and treated with iodine (2'g, 7.5 mmol) in

15 2 equal pértipns over.ls.minutes. After a further 15
minutes athfeflux the solvent was evaporated-and a solution
of sodium carbonate (9 g) and sodium thioéulfate.(9 é)_in
water (180 mL) added. A pale yellow solid was filtered off
and dissolved in 10% hydrogen chloride in;ﬁeﬁhanol.:_rhe

20 solvent was evaporated and the'résidue'éryétallized from
methanol to give 1,3-dihydro-6,7-dimethyl-2H4imid;zo-

[4,= :]éuinplin-z—one_as-a hydrochloride hydr#te (1.04 g,

47%), m.p. >360°C.
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33 boiling nethanol and filtered to give 1, 3-di hydro-7, 8-

" di net hyl - 2Hi m dazo[ 4, 5-b] qui nol i n-2-one as a hydrochl oride hydrate (1.0 g,
49%9 mp. [err]. Anal. Calcd. for [err].HO.0.2[err]: C 56.90; 5 H 4.93;
N, 16.59; [err], 1.42. Found: C, 57.01; H 4.89; N, 16.33; [err], 1.07.
NNFL&LMBC>[err]/[err]) 2.41 (3,s); 2.52 (3,s); 7.59 (2,AB quartet, 9Hz);

7.89 (1,s 11/50 (3, bs b 7 I | 92 dazo[ 4. 5-b
10 qglno?ln 2- one(hydr%E%é ) ébﬁﬁgu Q%Qrgé@ﬁslg 6ﬁ??¥oghgﬁ§g? [ I

methyl ] -2, 4-iqj dezolodime A0 ;18 ,9,160.655 mQlog) 1i.07di mebhyie: foy mewigle; (500
m.) was hydrogenated over 10% pal | adi um on“charcoal (6 g)_at-60 psi. After
66 hours, thenixt@le Masl@®idLt &0 tIh 0®.net hyl f or mani-de (300 ni), warmnmed
to digsol ve 15 some precipitated material, treated with charcoal, filtered
through infusorial earti# nEPMSARGg It t &+36RISi-§d4l 2maBerBak) wad - 20spended
in boiling ne anol (2 liters) and iodine (38.7 g, 0.15 nole) added
portionwise ovet sh- period of 30 mnutes. Reflux was continued for a
further 10 mnutes, the 20 m xture c?ggﬁﬁﬁkpged to approximately 400 nL
and a sol ution of SOdIUﬂ]thIOSU|fate ) and sodi um carbonate (60 g) in

water (600n) afdedpiy, F@r@lﬁ%miﬂ&mmkdﬁ%%% vaghed inbl fnLBLShe and
nmet hanol and tHen tritarated wtn water

R
> . N
=
N
CHg’ | F "
CH,

(2) 1,3-Dihydro-7,8-dimethyl-2H-imidazc(4,5-b]-

quinolin-2-one hvdrochloride.~ 5~[(2,3-Dimethyl-é-nitro-

10 phenyvl)methyl]=-2,4~imidazolidinedione (2.15 g, 8.2 mmol) in
dimethylformamide (30 mL) was hydrogenated over 10%
palladium on charcoal (0.2 g) at S5 psi. After 4 hours, 10%
palladium on charcoal (0.2 g) Qas added and hydrogenation
continued. After 18 hours, the reaction mixture was heated

15 on a steam bath for 1.5 hours, cooled, filtered throucgh
infusorial earth and the soltht evaporated. The residual
solid was suspended in boiling methanol (100 mL) and treated
with iodine (1 g). After 30 minutes the reaction mixture
was concentrated to about 30 mL and a solution of sodium

20 thiosulfate (10 g) and sodium carbonate (10 g} in water
(100 mL) added. A brown solid was filtered off, washed with
water and methanol and treated with 10% hydrogen chloride in

methanol. The inscluble brown solid was suspended in
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(500 nL). The triturated solid was coll ected, suspended in 25 boiling

nmet hanol (200 nmL), cooled and filtered to afford hydrated

1, 3-di hydro-7, 8-di net hyl - 2H i m dazo[ 4. 5-b] - qui nol i n-2-one (29.44 g, 838%,
mp. >310 C. - 34 Anal. Calcd. for [err] 0.2 [err]: C, 66.47; H, 5.30;
N, 19.38; [err], 1.66. Found: C, 66.14; H 5.12; N, 19.32; [err], 1.0. NWR
(DVMBO-[err]): 2.41 (3,s); 2.49 (3,s); 7.45 (2,AB 5 quartet, 9Hz); 7.62

(1, Sboii®@n80meinsne1 1drd0s{ lrdsda L AMRKE B, J-dtidpeli gL chl or o- 6- met hvl -
2H- i mi dazo[ 4. 5-b] qui nol i n-2-one [ERR]

5-[ (8imkthyd- ZHAERDYa 2] &) S+bpineind) iret Ivore ald 2 Myrdrsdtazaliiadi nedi ong (2
g, 7 mmol) in dinmethylformam de é3 m.) was hydrogenated over 5% pl ati nhum
on chr8oate0.fd.0)at 48%) pBiPunt360 ébdrogen upt ake ceased. The mi xture was
heated on a steambath for two hours, concentrated in vacuo and the residue

treated with hﬁﬁ-ﬁerrfaﬂ?%tﬁ% S1Hppdl 3R HOL: Q538108 | & (3%-80dh i nf usori al

e he aR0odheRenBBaPh BaPr T hothet BB Gt S G220 a hydros

7-chkgr95§3§§tggb,25tb91dazo[4 5-b] qui nol i n- 2- one.(l 40 g,
 NMR (DMSO~Q /CF,CO,H): 2.41 (3,5); 2.52 (3,5);
7.59 (Z,AB quartet, 9Hz); 7.89 (I,S)}III/SO (3,bs).
(b) 1,3-Dihydro=7,8-dimethvl-2H~imidazo[4.5-b]~

10 ocuinolin-2-one hvdrate .- 5~[(2,3~-Dimethvl-6-nitrophenyl)~
methyl]-2,4-imidazolidine (40.18 g, 0.15 mole) in dimethvl-
formamide (500 mL) was hydrogenated over 10% palladium on
charcoal (6 g) at 60 psi. After 66 hours, the mixture was
dilutéd_with dimethylformamide (300 mL), Qafmeﬁ to dissolve

15 some precipitated materiai, treated.with charcoal, filtered
throuah infusorial-earth_aﬁd ébncentrtéd. ‘Residual material
was suspended in boiling methanol (2 liters) and iodine
(38.7 g, 0.15 mole}) added portionwise over a period of 30
minutes. Reflux was continued for a fﬁrfher 10 minutes, the

20 mixture concenﬁrated to approximately 4Q0 mL and a sclution
of sodium thiosulfate (60 g) and sodium carbconate (60 g) in
water (600mL) added. The précipitate was collected, washed
with water and methanol and then triturated with water
{500 mL). The triturated solid was collected, éuspended in

25 boiling methanol (200 mL), cooled and.fiite;ed to afford
hydrateé 1,3-dihydro-7,8-dimethyl-2H-imidazo[4.5-b]-

quinolin-2-one (29.44 g, 88%), m.p. >310°C.
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. 84% - mp. [err]. 20 Anal . Calcd. for [err]: C, 56.55; H

3.45; N, 17.98; d, 15.17. Found: C, 56.34; H 3.42; N, 17.71; d, 14.83.
NVR (DMSO-[err]): 2.45 (3,s); 7.55 (1,s); 7.72 (1,s); 7.98 (1,s). 35

- EXAWPLE 9 1, 3-Di hvdr o- 8- net hoxy-2H-i m dazo[ 4, 5- b] qui nol i n-2-one [ERR] This
conpeund was prepared anal ogous to Exanple 7(b) from

5-[ (2-met hoxy- 6- ni tr ophaayl.) watbul | £3rdc] ghdeRobi -0 52 nghned ong. 47The
title product is obtai fied as a hydrate (éi@@, ﬁ]p. [erri. Anal . Cal cd. for
[err]. 0.25 [Heri5]..30G, N6018338kl B40361.Bi6. 19Fddndf erc] 6. Db Hound2:C,
59.85; H 4.12; N, 18.78; [err], 1.26. 10 NVR (DVSO-[err]):

3.97 (3,s); &.88%-BAdBPhiz1.9z); 7.35-7.50 (2,m); 7.71 (1,s); 10.98
(1,b§T§ 11.45 (1,bs). EXAMPLE 10 .1, 3-Di_hydrao-8-chl oro-7-nethyl -

2H- i mi dazo[ 4, 5- b] qui noFHR- ADYEE-fgkR] 2541 (3,8): 2.4%n(3L Songohid (RadB

prepared gnalQqoqs 0 ois37Ph€62 (1,5); 10.90 (1,s); 11:30 (1,bs).
EXAMPLE 8

1,3-Dihydro-7-chloro-6~-methyl-
2H-imidazo[4.5~bJquinolin-2-one

| CH | y
Seo
oo S
< e ;

5-[{5-Chloro-4-methyl-2-nitrophenylimethyl]-

10 2,4-imidazolidinedione (2 g, 7 mmol) in dimethylformamide
(30 mL) was hydroggnated over 5%.p1atinum on carbon (0.4 g)
at 55 psi until hydrogen uptake ceased. The mixture was
heated on a steam bath for two hours, concentrated in vacuo
and the residue treated with hot (90°C) dimethyl sulfexide.

15 Filtration through infusorial earth and evapofation of the
solvent afforded a solid which was washed with ether and
suspended in boiling methanol. Filtration gave 1,3-dihvdro-
7-chloro-6-methyl-2E-imidazo[4,5-blquinolin-2-one (1.40 g,
84%) m.p. >360°C.

20 Anal., Caled. for C H8C1N30: C, 56.55; H, 3.45;

11
N, 17.98; Cc1, 15.17. Found: C, 56.34; H, 3.42; N, 17.71;
Cl, 14.83, |

NMR (DMSO-dc): 2.45 (3,8); 7.55 (1,s); 7.72

(1,s); 7.98 (1,s).
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from 5-[ (2-chl oro- 3- net hyl - 6- ni t rophenyl ) net hyl ] -2, 4-i m.da- zol i di nedi one.
The title product is obtained as a hydrate (55%, mp. [err]. 36 Anal .

Calcd. for [err].O0.2[err]: C 55.69; H .3.57; N, 17.71; [err], 1.52.

Found: C, 54.61; H, 3.47; N, 17.11; [err], 1.43. NVR (DMSO[err]): 2.50
(3,s8); 7.57 (2,AB quartet, 5-8Hz); 7.69 (1,s); 11.10 (I,bs); 11.60 (1, bs).
EXAMPLE 11 7-Chl oro-1, 3-di hydro- 6, 8-di net hyl - '

2H- i m dazo[ 4, 5- b] qui- nol i n- 2- ommqmmmq 9Thi s conpound was prepared anal ogous

H)meﬂe810dﬂom_

ine2-0

@]~

.olldlnednqne

(7099, mp. [err]. Anal. Calcd for [err]: C '58 19 H 4.07;, N 16.97.
Found: C 57.92; H 4.10; N, 17.03. NVR [err]: 2:73 (3,s); 2.93 (3,s); 7.84

15 (1,5); 8.90 (I,s). 37

10

15

This compound was prepared analogous to Example

7(b) from 5-[(2-methoxy464nitrophenyl)methyl]-2,4—imidazoli-

dinedione. The title product is obtained as a hydrate v/ \
(91%), m.p. >300°C. " |
Anal. Calcd. for C1139N302. 0.25 H,0: C, 60.13;
H, 4.36; N, 19.13; Hzo, 2.05. Found: C, 59.85; H, 4.12;
N, 18.78; Hzo, 1.26.
NMR (DMso-ds): 3.97 (3,s); 6.88 (1,dd, 4Hz, SHz);
7.35-7.50 (2,m); 7.71 (1,s); 10.98 (1,bs); 11.45 (1,bs).
EXAMPLE 10 |
1,3-bihydrO°8-chlorb-7-methyl- _
2B-imidazo[4,5-blguinolin~-2-ocne
H
RN N: :
~x"
CH, H

Cl
‘This compound Qas pfépared analogous to Ekamﬁle 2
from 5-[(2—chloro~3-methy1QG—nitropheny1)méthyl}—2,4-imida-_
zolidinedione. The title product is obtained as a hydrate

(55%), m.p. >360°C.
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EXAMPLE 12 7- Met hoxy- 1, 3-di hydro-2H-i m dazo[ 4, 5-b] qui nolin-2-one [ERR] A
solution of 5-[(2-nitro-5-nethoxyphenyl)- nethylene]-2,4-imdazolidi nedi one
(4.5 ¢;~17 mmol) in 5 dinethylformam de (120 nL) was hydrogenated over 10%
pal | adi um on charcoal (0.45 g) at 60 psi. After 42 hours the m xture was
filtered through infusorial earth and the solvent evaporated to | eave a
brown solid. A mixture of this material and methanol (150 nli) was heated
to reflux and 10 iodinex{3 65 c@i1cd4ED )c.i it cQRUS e, ;gprotl OQWM S, g;\Ler 15
nminutes. The reaction ntXture was refluxdd #5 nPnutes,? cool ed and
concentrted to H2(®.51Z; bnf or'e. ”Mddifing, al sid Ut iFoandt s@dlumsuhl Bsul f472 (10 Q)
and sodi um car bonate g in water (200 nm.). The precipitate was
filtered off, 55‘gr|1rr‘r¥ot [err] water (200 ni) and filtered.

Recrystal - Iization fro t hyl £ pr de - oxy-

1, 3-di hydro- 2I-|-irn'dazo[?1%"g»jg ;qum Fe ogndé (?B’;g 76“ %jiﬂ L}rr]
Anal . Cal cd fsxfz)[-ehrlsb (158) ;611390 kt,¥s)32:112Q0 M ﬂsﬁ 53. Found C,
61.21; H, 4%7 N, 19.53. NI\/R(DI\/BO[err]) 379(3,3); 7.10 (1,dd, 3Hz,
OHz); 7.28 (1,d, 3Hz); 7.48 (1,s); 7.c6BXRMPLE 19Hz); 10.90 (1,bs); 11.32

1,bs). 38
( ) 7-Chloro-1,3-dihydro-~6,8~-dimethyl-
2H-imidazo[4,5-blquinolin~2~-one

_ g -
e, : ' - 0
c1 Z
C
H3

This compouhd was prepared analogous to Example 8

10 from 5-[(2,4-dimethyl-3-chloro—G-nitrophanﬂ)meﬁ§ﬂ3‘2r4d“dd'
azolidinedione (70%), m.p. >300°¢. _
. - Anal. Calcd. for C12H10C1N30 C, 58.19; H, 4.07;
N, 16.97. Found: C, 57.92; H, 4.10; N, 17.03.
NMR (CF3COZH): 2.73 (3,s); 2.93 (3,s); 7.84

15 {(1,s); 8.90 (1,s).
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EXAMPLE 13 1, 3- Di hydr o- 6, 7-di met hoxy-2H-i m dazo[ 4, 5- b] qui nol i n-2-one [ ERR]
Thi s conpound was prepared anal ogous to Exanple 7(b) from

- 5-1 (4, 5-di met hoxy- 2-ni trophenyl ) nmet hyl] - , 4-1m dazol i di nedi one. The
title product is obtained as a white pomder (34@@ mp. [err]. Anal.
Calcd. for [err]: C, 58.77; H 4.52; N, 17.13. Found: C, 58.38; H, 4.55;
* N, 17.09. NWR (DVSO-[err]): 3.88 (6,s); 7.20 (1,s); 7.30 10 (1,s); 7.49
(1,s); 10.50 to 11.50 (2,bs). EXAMPLE 14 7-Brono-1, 3-di hydro-6, 8-

di met hvl - 2H i ni dazo[ 4, 5- b] qui nol i n- 2- one [ERR] Thi's conpound was prepar ed
anal ogous 7-MeEbamy-d ,3-Bi hiyderw-2E-imidazo [4,5-b]quinolin-2-one o’
5-[1(2, 4-di net hyl - 3- br ono- 6- ni t rophenyl ) nethyl | 2, 4-1 m dazol 1 - di nedi one
(74%, mp. [err]. Anal. Calcd. for [err]: C, 49.34; H 3.45; N, 14.38.
Found: C, 49.27; H, 3.50; N, 14 42, 39 H NVR [err]: 2.76 (3,s); 2.98
(3,s); 7.81 (1,s); 8.90 (1 N

. solutidn of 5-[(2-nitro—5-metho#ypﬁenyl)-
méthylene]-2,4-imidazolidinedione (4.5 g, 17 mmol) in _
5 dimethvlformamide (120 mL) was hydrogenated over 10% : o~
palladium on charcoal (0.45 g) at 60 psi. 'After 42 hours
the mixture was filtered through infusorial earth and the
solﬁent evaporated to leave a brown solid A mlxture of
this mater1a1 and methanol (150 mL) was heated to reflux and
10 iodine (3.65 g, 1l4mmol) introduced portlonwlse.over 15
minutes. The reaction mixture_was refluxed 45 minutes,
cooled and éoncentrted to 20 mL before adding a solution of
sodium thiosulfte (10 g} and sodium carbonate (10 g) in
water (200 mL). The precipitate was filtered off, suspended
15 in hot (80°C.) water (200 mL) and filtered. Recrystal-
lization from aqueous dimethvlformamide afforded 7-methoxy-
1,3-dihydro~2H-imidazo[4,5-blquinolin-2~one (1.61 g, 43%),
m.p. >360°C.
Anal. Calcd. for C11H9 302 C, 61.39;: H, 4.22;
20 N, 19.53. Found: C, 61.21; H, 4.27; N, 19.53.
" NMR (DMSO-dG): 3.79 (3,s); 7.10 (1,44, 3Hz, 9Ez);
7.28 (1,4, 3Bz); 7.48 (1,s); 7.65 (1,4, 9Hz); 10.90 (1,bs);:

11.32 (1,bs).
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EXAMPLE 15 Additional Forrmula | conpounds are prepared by 5 reducing the

appropriately substituted hydantoin of Fornmula Il (obtained according to
Methodg A or B or C) in a manner anal ogous to the above exanples. [ERR|
Exanpl e No. [err] [err] [err] 15-1 5-Terr]

H H 10 15-2 5-Terr] H H 15-3
5-C H H 15-4 7-n-[err] H H 15-5
7-[err] H H 15-6 EXAMPEEr ]3 H H 15

%?Egrr] 7; eri ihydro-ﬁ,ﬂﬂd;mgthoxv-zg-%gigéggk&wan?&ngéigﬁ;z-onExaNPLE
. . ~ ~ L =T ;
16 MEFHOD A - Preparation of hydantoin internediates of Formula Il wherein
a and b are hydrogen by adapt gi.on of the et hod#t of Conners, et al. supra.
[ERR] (a) 5-[(2,3-dinethyl-6- NPt RO ; B I}: 2’04i m dazol i -

N
H

- CH,

Thié compound was prepared analogous to
Example 7(b) from 5-[(4,5-dimethoxy-2-nitrophenyl)methyl}-~
S 2,4-imidazolidinedione. The title procduct is obtained as 2
white powder (34%), m.p. >320°C.
Anal. Calcd. for C

H,,N.O

_ 12°117373°
N, 17.13. Found: C, 58.38; H, 4.55; N, 17.09.

C, 58.77; H, 4.52;

NMR (DMso-ds): 3.88 (6,s); 7.20 (1,s); 7.30
10 (1,s): 7.49 (1,s); 10.50 to 11.50 (2,bs).
EXAMPLE 14

7-Bromo~1,3~-dihydro-6, 8-
dimethvl-2H-imidazol4,5-blguinolin-2-one -

CH3 N " H

' T Xy N
g Mo
o/ P X

Br

s 7

CH3

This compound was prepared analogous to Example 5
15 from 5~[(2,4~dimethyl~-3-bromo-6-nitro ;i'xenyl)meﬂlyl]z,tt—imidazoli—
dinedione (74%), m.p. >300°C.
Anal. Calcd. for clznlosrnao: C, 49.34; H, 3.45;
N, 14.38. Found: C, 49.27; H, 3.50; N, 14.42.
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di nedione ([err] =H, [err] =[err] =[err]). Step 1. Diethyl

2- (acetylam no)-2-[ (2, 3-di net hyl - 6-nitrophenyl ) net hyl ] propanedi oat e. -
Sodi um (3.38 g, 0.15 g 10 aton) was dissolved in ethanol (600 nL) and
.di ethyl acetam donal onate (29.04 g, 0.13 nole) added in one portion. The

' )m’xture was stirred for 10 mnutes and a sol ution of
(30 nm)

2, 3-di met hyl - 6- ni ty ep(ﬁ_yl chloride (26.70 g, 0.13 nol) in ethanol

added.” The mixtur€ was' Hext@aflundet- Hefl3us)52. 9Bon34shoupsgystirred at

room tenpeSture, §or¢ly,hours and then concentrated in vacuo. The residue
and extracted with di chl'oronethane.. The conbi ne

"was diluted with water”

extracts were dried over sodium %&‘ qu t he solvent evaporated'to | eave
a viscous oil which was filtered t rough O a plug of silica gel 6" x

1-1/ 2" using di et hddistilesyalaFormsandt 1 & hdue after rempval of the
sol vent was dissol ved in dichl oromet %a%gﬁgégﬁglglﬁﬁdpﬁ?ﬁr%x%e to give 41
di et Ry| F2OUgdEGy the mpprzppaazpaydsﬁbbhxkuéeal5§5ggf§?%géf . '
met hyl]g.ro aliedlI(}ate 28.90 g, 56% . A second crop .3 0, 49 was
subsequeﬁt‘ﬁ\‘f BolltedPbiaineg. accorfing] to Bpenodala oy o VY &yi I accord with
the asspgpgd sééggbggg. % Anal . Calcd. for [err]: & 56.84;
H 6.36: N 7. 38 "FOGRd: € tBe. 2Bove examples, 7.30. Step 2.
DL- 2, 3-di net hyl - 6- ni t rophenyl al ani ne o

Rl , 3 - H

oo RV,

N
H

Examlple..No. 51_ | i’!— _R_3
15-1 5-CH, H "
10 . 15-2 5-CH,0 H "
- 15-3 5-C1 B 5
15-4 7-n~C,R.0 - "
15-5 " 7-(CH,) 5C0 H H
15-6 7-(CH;) ,cHO  &® E
15 15-7 - 7-C,HL0 H -
15-8 s-cn3' 7-CH;  =H
15-9 5-CH, 8-CH, H
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hydrachl oride.- A m xture of diethyl 2-(acetylam no)-

2-[(2, 3-di net hyl - 6-ni trophenyl ) net hyl | propanedi oate 10 (28.75 g, 75

nmol ), concentrated hydrochloric acid solution (150 nL) and water (150 mi)
was heated under reflux. After 19 hours, the solvent was evaporated and the
solild yesidue dissolved in nethanol (about 150 ni). Addition of the diethyl
et her” (about 800 nL) precipitated DL-2 g3 diptat Ryl - 15

6- ni trophenyl al ani ne hydrochl oride hydrate (16.50 g, 79%, mp. 215-[err]
(dec) which exhibited spectral data in accord with the designated

structure. Anal. Calcd. for [err].HO.0.25 [err]: C, 47.32, H, 5.60; N,
10.03; d, 12.METHQR2]- Hrégardtpiard.of(hydaftod® dBtekimeB8iSLesNp£10. 28; C
12. 457 [err], 1.52. Step Bormyla NJ atersdar o b2 agedhndragen cby

ni t rophenyl al ani ne. - Pot a842RfiA ipthftfe ther methody of] CRppRreasehdeibd to
stirred sofution of DL-2,2%B&%ethyl-6-nitro- phenyl al ani ne hydrochl ori de
(15 g, 0.05 nol) in water 25 (125 nm). The mxture was hgated on a steam
bath for 30 m nutes, cooled ﬁnd acidified withgN hydrochloric acid
solution. The precipitate wasliiFeredNof fOy weghed with 42 wat er and
dried in air to give DL-N-(amn %

di nmet hyl - 6- ni t rophenyl al ani ne ad

0 ' -
trat e AL640 0, 1669@€I§n;§ P323JF§QP]8-R3,
' he "H a=b = H)

R, |
(a) S5-[(2,3-dimethyl-6-nitrophenyl)imethvl]-2,4imidazoli~
R, dinedione (R, = E, R, = Ry = CH,).

Step 1. Diethvl: 2-(acetvliamino)-2-[{(2,3-dimethvl-

6-nitrophenvl)methyl]lpropanedicate.~ Sodium (3.38 g, 0.15 g

10 atom) was dissolved in ethanol (600 mL} and diethyl
] acetamidomalcnate (29.04 g, 0.13 mole) added in one portion.

The mixture was stirred for 10 minutes and a solution of
2,3-dimethyl-6-nitrobenzyl chloride (26.70 g, 0.13 mol) in
ethanol (30 mL) added. The mixture was heated under reflux

15 for 4 hours, stirred at room temperature for 12 hours and
then concentrated in vacuo. The residue was diluted with
water and extracted with dichloromethane. The combined
extracts were dried over sodium sulfate and the solvent
evaporated to leave a.ﬁiscoué 0il which was filtered through

20 a plug.of silica gel 6" x 1-1/2" using diethyl ether as
elueht. The residue, after removal of the solvent was

dissolved in dichloromethane and diluted with hexane to give
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.

assigned structure. 5 Anal. Calcd: for [err] 0.2 [err]: C
50.60; H, 5.45; N, 14.75; [err], 1.27. Found: C, 50.45; H 5.31; N, 15.15;
[err], 1.28. Step 4. 5-[(2, 3-Di net hyl -6-nitrophenyl)nmethyl]-
2,4-imdazolidinedione.- A mxture of DL-N (am nocarbonyl)- 10

2, 3-di met hyl - 6-ni trophenyl al ani ne hydrate (15.5 g, 50 mmvl) and 10%

hydr ogen chloride in ethanol (200 nmL.) was heated at reflux for 19 hours.
The @feehyDA2 Al adel ¥l REndli-34 B2 \i-dineahharel-nit@ephbhyand filtered to
give 5-[(2,3-di nethyl -6- nitrophenyl)nethyl]-2,4-imdazolidinedione (3.35
g) . Méthylhprepanedioatef (2hd tngnéi6¥)i.quar segbhdr dedpa{2308igl, whi ch V\g?
suspended in nmethanol and filtered to afford a _gecond crop (3.76 g). t al
yi el $2Y 29 gubmisen@x/s%ﬂq%en’g &-Panpil@-AddnCret ARAGETAI f or ded t he

t|t| | nternedj ate anal ytj cal pure-as hydrated material, mp. 172-[err],
FRH"eShi P 125F '%1 ﬂ{ﬁaﬁsﬂ‘ é; &r%‘:FHthe a55| gned structure.

. Calcd. 4. 01 6; 1
”25 Found: iﬁ-sse%%i P S ot Farfoo878) 85%5(p) o
(2-Gpl 017035 mg-&gp&nen;@) g g 1, 438 d@zol7| digne- di one ([err] = [err] =

H, [err = . A mxture of DL- N—(an1nocarbony|) 2- chl or o- 6-
ni t rophenyl aI asn:é}e 15. L@, ¥ imethy prespdredpheaidlanine

hydrochloride.- A mixture of diethyl 2-(acetylamino)-

2-[(2,3~dimethyl-6-nitrophenyl)methyl]propanediocate
10 (28.75 g, 75 mmol),'concentrated hydrochloric acid solution
{150 mL) and water (150 mL) was heated ﬁnder reflux. After
19 hours, the solvent was evaporated and_fhe_solid residue
dissolved in methancl {(about 150 mL). Addition of tﬁe
 diethyl ether (about 800 mL) precipitéted DL-2,3-dimethyl-
15 6-nitrophenylalanine hydrochléride'ﬁydrate (16.50 g, 79%),
m.p. 215-217°C (dec) which exhibiteé spectral data in accord
with the designated stf"tture.
Anal. Calecc. for C,.H, , N,O HCl 0 25 H,O:

117147274~ 2

c, 47.32, H, 5.60; N, 10.03; C1, 12.70; H,O, 1.61. Found:

2

20 C, 46.98; H, 5.62; N, 10.28; C1, 12.45;'32

Step 3. DL-N-(Aminocarbonyl)=-2,3-dimethyl-6-

o' 1.52.

nitrophenvlalanine.~ Potassium cyanate (17.5 g, 0.21 mol) -

was added to stirred solution of DL-2,3-dimethyl-6-nitro-
phenylalanine hydrochloride (15 g, 0.05 mol) in water

25 (125 mL). The mixture was heated on a steam bath for 30
minu::s, cooled and acidified with 2N-hydrochloric acid

solution. The precipitate was filtered off, washed with
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2-chl oro-6-nitrobenzyl chloride according to steps 1, 2 and 3 above,
concentrated hydrochloric acid (70 nL) and water (70 nL) was heated on a
steam bath. After 45 minutes, the mxture was cooled, filtered and the
sol i d,washed with water 5 and dried in air to give

5-[(24chl oro-6-ni trophenyl)nethyl]- 2,4imdazolidi nedione (4.90 g, 85%,
whi ch was usedex andudrfied Her agar tpi gaveoRL-NAfamitdgarbemy Ia@plBe was
prepared by dISSO|VI;%'a sanpl e of the crude nateri al éP.G g) in boiling
et hanol (30 &iPe %@@wlﬁéamea ﬁFtatEV‘E){ﬂ%e 106 +Patder i180%00. 48 ) .

P 210217 € (4590 SRl ISRl Bagecn s Wt e ST

13.1 Fou 3.07; N, 15 42; Cl, 13.08. 15 (c)
5- [(5 Fl uororlgf gﬁdg;sﬁgky %Gret'hyl ]-2-im dazoi | di nedi one ([err] [err] = H, .

[err] =5).- Prepared anaam 5Cfa|1|éﬂr.0f3rnbg @zyd: shi @i de, a@,(aors@l-ng to.
t he procedure of Methdd A, mp. 0 186-18 ZCAF n?nethaﬁ%l Anal”. = Cal cd

for [err]: HG 544544N,H 13.7%; 0,N1.26..60Fcuhé@tnde, KD.#S&ZH%,SHBIS.ZO, N,
16. 90. (d) 5-1(2- et hyl - 6-ni trophenyl ) met hyl ] -2, 4-i m dazol i di ne- di one
([err] [eM,] 15.A5: &4Q, 1.[28.r]).- Prepared from 2- et hyI 6- nitrobenzyl

chlorlde accordlng to the proced re qof Method_ A n1£ 225-[err] (dec) from
et hanol . . Step 4. 5-1{2,3-Dimethyl-b-nitrophenyl)methyl}-

2,4-imidazolidinedione.~- A mixture of DL-N-(aminocarbonyl)-

10 2,3-dimethy1-6-nitropheny1alanine hydrate (15.5 g, 50 mmol)
(NG and 10% hydrogen chloride in ethanol (200 mL) was heated at
reflux for 19 hours. The reaction mixture was diluted with
methanol (100 mL) and filtered to give 5-[(2,3-dimethyl-6~
nitrophenyl)methyl]-2,4~-imidazolidinedione (3.35 g).

15 concentration of the mother liguors afforded a solid which
was suépended in methanol and filtered to afford a second
crop (3.76 g). Total yield (7.20 g, 50%).. Crystallizing a
sample from methanol afforded the title intermediate
analytically pure as hydrated material, m.p. 172-174%c,

20  which exhibited spectral data in accord with the assigned
structure.

Anal. Calcd. for C,,H,,N;0, 0.2H,0: C, 54.01;
H, 5.06; N, 15.75; H,0, 1.35. Found: C, 53.90; H, 4.93;

N, 15.84; H,O, 1.32.

2

25 (b) 5-[{2-Chloro-6-nitrophenyl)methyl]-2,4-imidazolidine-
dione (R1 = R2 = H, R3 = Cl). |
A mixture of DL-N-(aminocarbonyl)-2-chloro-6é-

nitrophenylalanine (6.15 g, 21 mmol)} prepared from



25 Anal . Calcd. for [err]: C 53.01; H 4.45; N, 16.86.
Found: C, 53.14; H, 4.56; N, 16.80. 44 (e)
5-1(5-Met hyl - 2-ni trophenyl ) nmet hyl ] -2, 4-i m dazol i di ne- dione ([err] = [err]

=H [err] =[err]).- Prepared from>5-nethyl-2- nitrobenzyl chloride
according to the procedure of Method A, mp. 222-[err] (dec) from ethanol.
5 Anal. Calcd. for [err]: C, 53.01; H 4.45; N 16 86.

Found-cRilor82650i t Fbbén bl Mh16ide3 addording to steps 1, 2
5- [(5 Chl or 0- 2- ni t rophenyl ) met hyl ] - 2, 4-i mi dazol i di ne- dlone ([err] = [err]

= H, 3[ eboyex ebycenfraxeﬂenydranhlbzﬂd(yude(ﬂu mrobenaywacér ori de accgydlng
to the procedure of Method A 10 mp. 184-[err] from aqueous HO . Ana
CaIcd7°fBF’[EPF]heat?d4Q35ﬂ s¢¢aqzh§rh4v Afitezg.45Cminugess. theound: C, |
44.35;, H 3.01; N,

5. [ (RLBEBFReVAS °%°% ‘Pr of)hje“rﬁﬁ ’rﬂ/ﬁ]hgz spLig washed. with wateRdione ([err]

: b |
Sl opP§eaksgst Shiasf HE ahle o AR RN e ents PR &Y (Goe) T om
gzhigokﬁméaﬁkolxg§ﬁ£éloﬁpr(4 ;4674 ) ‘859), Jthikh WJds 42 whkndwpe 96 Found: C

further purification. Aan ana;ytzcalls;mple was prepared by
‘dissolving a samplé'of the'cruﬁe.matefial.(O.S;g),in-boiliﬁg-
‘ethanol (30 mL) and adding ether to precipitate pure o
10 material (0.48 g). m;é. 210-212?C (ﬁec)._ Spectral data -~
were in accord with the assiéned structure.
Anal. Calcd. for CioH8C1N3O4:
N, 15.58; C1, 13.15. Found: C, 44.57; H, 3.07; N, 15.42;

C, 44.54; B, 2.99;
Ccl, 13.08.

15 () 5—[(S—FluoroFZ-nitrophenyl)methyllf2-imidazolidinedione
(R, = R,y
benzyl chloride according to the procedure of Method A, m.p.

=H, Ry = F) .- Prepared from S-~flucro-2-nitrec~

186-188°C from methanol. - - o
Anal. Calcd. for CloﬁBFN3O4 C, 47.44; H, 3.19;

20 N, 16.60. Found: C, 47.14; H, 3.20; N, 16.90.

(@ s-{ (2’-methy1-6-nitrophenyi) methyl]-2,4-imidazolidine~
~dione (Rl =R, = H, Ry = CH3).- Prepared from 2-methyl-6-
nitrobenzyl chloride according to the procedure of Method A,
m.p. 225-226°C (dec) from ethanol.
25 Anal. Calcd. for C11H11N3O4; C, 53.01; H, 4.45;
N, 16.86. Found: C, 53.14; H, 4.56; N, 16.80.
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EXAMPLE 17 METHOD B. Preparation of hydantoin internediates of Formula Il
wherein a and b are hydrogen [ERR] (a) 5-

[ (5-Chl or o- 4- net hyl - 2-ni trophyenyl )nethyl]-2,4- 5 i m dazol i di nedi one
([erx] = [err], [err] =d, [err] = H. Step 1. Ethyl
4-f{(5-chl oro-4- et hyl - 2-nitro- phenyl)nethyl]-2,

5- di oxoi m d@ol isH NS-Meadiyilog-niteophehylyhethyl]-2,4~imidazolidine~

2, 5- di oxoi m dazol i di ne- 4- car boxyl ate, sodiumsalt (15.50 g, 80 nmol ]

obt ai ned adderd nRy c meR, & & CE,).-O Brepdred Cwom 55k tHMIG2-2005
(1964) was added to a saol ution of 5-c|§| oro-2-nitro benzyl chloride (17.57

g, 80, ol pitrehengyd qhlmyide) 2gR@TARBINtRt the PEPFewTr udkidiedierdadno-

sphere of argon urs. . The solyent was evaporated, the residue

d!ol uted wi t{&g’fg?%‘d;gt{d}&’e TR ﬁt\A&FE’HI'oro- 12 nmethane. The

conbi ned extracts weng Or | ed_:gq_\é%r. %%I Eglgul ape.and concentr te4d.d'§1 vacuo
s di i

to afford a solid whi ssol ve HanBoAonel hane ™~ Addi t'i "o “of
hexane preg pitetes, etdvdndt [ €@,C81206934uTelN8k: 250i {1 0pdieny! ) -
met hyl ] - 2, 5-di oxoi m dazol i di ne- 4- car boxyl at e (12. 35 g, 43%, 20 m p.
176-[err] which exhibited spectral data in accord with assigned structure.
46 '

(f) 5~[(5-Chloro=-2-nitrophenyl)methyl]-2,4~imidazolidine-

dione (R:l = Ry = H, Ry = Cl).~- Prepared from S-chloro-2-

nitrobenzyl chloride according to the procedure ¢f Method A,
\—~'_10 m.p. 184-186°C from aqueocus HECl.

‘Anal. <Calcéd. for C,.H,CIN 04: C, 44.54; B, 2.99;

1078 3
N, 15.58; €1, 13.15. Found: C, 44.35; H, 3.01; N, 15.25;

Cl, 13.66.

(g) 5-[(4,5-Dimethyl-2-nitrophenyl)methyl]=2,4-imidazoli~

15 dinedione (R; = H, Ry = R, = CH,).~ Prepared from 4,5~

dimethyl-Z-nitrobénzyl chloride according to the procedure'
of Method A, m.p. 248-249°C (déc,) from ethanol. -

Anal, Calecd. for C C, 54.75; B, 4.98;

_ 12713%3%¢
N, 15.96. Found: C, 54.48; H, 5.11; N, 15.64.



/"

Anal. Calcd. for [err]: C, 47.27; H 3.97; N, 11.81; d, 9.97. Found: C,
46.95; H, 3.90; N, 11.79; d, 10.38. Step 2.

5-[(5-Chl or o- 4- et hyl - 2- nltrophenyl)

met hyl ] -2, 4-i m dazol i di nedi one.- a ntxture of ethyl

4- (5-chl or o-4- net hyl - 2-ni t rophenyl ) met hvl ] - 2, 5- di oxoi m daz- ol.i di ne .
4-car boxylate (11.85 g, 33 muol concentrated hydrochloric acid (175 nL)
and water (175 nL) was ‘heat ed ux for 2 hours. After cooling, the

g{eglﬁtigég éfor rgpﬁispgﬁﬁ%?fibi)f Eﬁﬁ he mnt meter drred in ve:yo

2, 4- |ntdazolrd|ne5|one ( [err] mhrch drsplayed
spectral data in accord-with aSS|gned structure Anal. Calcd. for [err]:
C, 46.58; 15 H, 3.55; N, 14. 8111CI 12.50. Found: C, 46.68; H, . 3.47,
N, 14.88; d, 2&{2 S

—.N :
5-1(2- N@thoxy 6 hyl ] - i m dazolidine-_dion .
%2% f rgﬁt Zk t h%xyﬂ%-’ ﬁ‘pt r obenzyl

([err]=[err]=H, [er

brom de accordin ' f Method B, 20 mp. 193-[err].
Anal . Cal cd. : C, 49.82; H, 4.18; N, 15.84. Found: C, 49.78; H
4.15; N, 15.91. (c) 5- 316 Chl or o- 5- nethyl 2- nrtrophenyl)nethyl] 2, 4-

i m dazol i di nedione ([err]=H, [err]=[err], [err]=A). Pr epar ed from 25

2-chl or o- 3- net hyl - 6- ni t robenzyl bronide accordlng to_the pr ocedure of
Met hoda B, ELR152@ﬁ1B§6Lh-methyl-z-nit:ophyenyl)methyl]-z.4-

5 1m1dazolld1nedlone (R = CH3, Rz = Ci, R3 = H). \J_k)-

Step 1 Ethyl 4-[(S—chloro-4-methyl-Z-nltro-

phenvl)nethyl]-2,--dzox01m1dazolid1ne-4-carboxvlate. Ethyl

2,5-dioxoimidazolidine-4—carboxylate, sodium salt (15.50.g,
80 mmoi) obtained according to Garner, et al., J. Org.

10. Chem., 20, 2003-2005 (1964) was added to a solﬁriqn of
S-chloro-2-nitro benzyl chloride (17.57 g, 80 mmol).in_ )
ethanol (250 mL) and the mixture refluxed under an atmo-
sphere of argon for 16 hours. The solvent was evaporated,
the residue diluted with water and extracted with dichloro-

15 methane. The combined extracts were dried over sodium
sulfate and concentrated in vacuo to afford a solid which
was dissolved in dichloromethane. Addition of hexane
precipitated ethyl 4-[(5-chloro-4-methyl-2-nitrophenyl)-
methyl]-2,5-dioxoimidazolidine-4~carboxylate (12.35 g, 43%),

20 m.p. 176-178°C which exhibited spectral data in accord with

assigned structure.
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47, Anal. Calcd. for [err]: C, 46.58; H 3.55; N, 14.81. Found: C,
46.31; H 3.53: N, 14.80. (d)

5-12,4-Di met hyl -3-chl oro-6-nit rophenyl )met hyl ] -2-, 4-i m dazol i - di nedi one
([ecr]=[err]=[err], [err]=A).- Preparedfrom24d|rrethyl 5

3-.chl or o- 6-nitrobenzy| brom' de accord| ng to the procedure of Method B, mp.

200-[err]. (e) b5- [( rr] A—lf)ga/ {)43& W Bet.hyld - %7423”‘ dazol i -

di nedione ([err]=[err €par¥d frorh i‘met hoxy-

2-ni trobenzy| Bbrow de, aPPQinH@lIOBtéTﬁ presa@l e of 40 gs; w\ehhed,B, mp.
207-[err]. Anal. Cal cd. for [err]: C 48:82; H, 4.44; N, 14.23. Found:
C, 48.72; HI,411079N,Cl4. BA.3§f) .

5-[ 82, 4- Di nmet hyl - 4- br ono- 6- nltrthenyI nethyl] 2 4- |n1dazoI|- di nedi one
([err]=[err] -[err] [2EeR —& ] QX g thyl - P—nd

3-chl oro-6-nit phl r| de. according to the procedure of Met hod B,
mp. 299-[ pohidinedioner~ @ djataneoffHethydant oi n

|nterned|at$s[?§ EPiQPé-Q-Aa&@@ieirhf%éﬂ%hauyf%% t'%&]f%rgl%lgggghgggzpond_

olidine 4-carboxylate (11.85 g, 33 mmol) concentrated

hydrochloric acid (175 mL) and water (175 mL) was heated

under reflux for 2 hours. After cooling, the precipitate

10 was filtered off, washed with water and dried in vacuo at
i 78°C to afford 5-[_(5-chloro-4—methyl-2-nitropheny1)methyl]-

2,4-imidazolidinedicone (8.76 g, 95%), m.p. 211-214° which
displayed spectral data in accord with assigned structure.

Anal. Caled. for C11H1061N3O4 C, 46.58;

15 H, 3.55; N, 14.81; Cl, 12.50. Found: C, 46.68; H, 3.47;
N, 14.88; C1, 12.72. '

(b) 5-[(Z-Methoxy-s-nitrophenyl)methyi]-2,4-imidazolidine-

dione (R1=R =H, R3=CH30).- Prepared from 2—methoxj~6-

2
nitrobenzyl bromide according to the procedure of Method B,

~20 m.p. 193-194c.
Anal. Calcd. for CIIH'1N305 C, 49.82; H, 4.18;
N, 15.84. Found: C, 49.78; H, 4.15; N, 15.,91.
(c} 5=-[{6~Chloro-5-methyl-2-nitrophenyl)methyl]-2,4~
imidazbliéinedione (R1=H, R2=CH3, R3=Cl).- Prepared from
25 2-chloro—3-methy1-G-nitrobenzyl bromide according to the

procedure of Method B, m.p. 203-205%c.
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by adaptation of the nethod of Billek, supra. [ERR] 5 (a) 5-]

(2-Ni tro-5-net hoxyphenyl ) net hyl ene] -2, 4-i mi dazoli- dinedione ([err] = [err]
=H [err] =TJerr]).- A mxture of 5-methoxy-2-nitrobenzal dehyde (10.0 g,
55 mmol ), imdazolidine-2,4-dione (5.52 g, 55 mml), fused sodium acetate
(4.53 g, 55 mml) and acetic anhydride (75 nL) was 10 heated under refl ux
for 1 hour. The m xture was cooled and water (:30 nlL) added producing an
exotherm c reaction. The mxture was additionally diluted with water (270

m.) - added portiondgale ofeétcds famFia¥ 18R sPen Set #4cf8d with
di chl or qg{eéhgge lgz fs Jaq_o nl.g‘éﬁ:gp‘gg qg gi(t rlz;: sgerﬁ d’ikeéjn 15 over SOdIJ‘I

sul fate hAcehttated to 't he " acyl
[ (2-nitro-5-net hoxyphenyl ) et hyl ene] 2, 4-i i dazol i di nedi one as an oil which
is used as foIIovvs WlthOUt further purlflca- tion. The oil was dissolved in "

met hanol(cgl 25 wmqiq*bﬂﬂ)ﬁehmﬂ%,@iﬁﬁdmdhadded The -
0

reaction xture was stirred for hour, acidified to pH=2 with 2N HC

and a ta?rf'“ﬁf’éePﬁl (B R Fer RpF o~ vﬁEﬁBﬂrWt#%@et“ﬁHﬂeﬁmled inair.

This mategr u | her

%(2 mfdhqg rgre;éﬁlgxyp ghg?ﬁ%ﬁeng)ggogghn? 1 attzho ?gfgée%?roeng f(8 0 g,
5% MMathdA48[ ahilp. (mezbw\d;ﬁc:h exhi bi ted spectral data in accord with
t he assi gned

(e) 5-[(4, S-D1nethoxv-2-n1trophenyl)methyl, i,4-imidazoli~-
dinedione (R,=R,=CH,0, R3=H).-" Prepared from 4,5-d1methoxy- | kJib}
2-nitrobenzyl bromide acceording to the procedure of

10  Method 3, m.p. 207-208°C. |

Anal. Caled. for C C, 48.82; H, 4.44;

12813530
N, 14.23. Found: C, 48.72; H, 4.40; N, 14.31.

(f) 5-[(2,4—Dimetrw1'-4—brano-s-nitmphem1)mmy1]—2,4-imidazoli_.

dinedione (R1=R3=CH3, Rz=Br).- Prepared from 2,4-dimethyl-
15 3-chloro-6-nitrcbenzyl chloride according to the procedure

of Method B, m.p. 199-201°C.
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structure. 5 Anal . Cacld. for [err]: C, 50.20; H 3.45; N,
15.96. Found: C, 49.94; H 3.51; N, 15.64. EXAMPLE 19 Preparation of
Forrmul a 11 A Conpounds Wherein a and b are Hydrogen 10 Gener a
Proc_edyre- A solution of a Formula Il nitro-hydantoin (8 mmol) in

di rret\hjl formam de (60 nmL) is hydrogenated over 10% pal | adi um on-char coal
(0.4 g) at 60 p.s.i. After hydrogen uptake ceased, the mxture is filtered
t hrough infusorial earth and the sol veBXAMREROor&t ed 15 under reduced
pressure. Residual material consists of the For rrul a Il A am no-hydantoin
whi ch can be m_progFGEaFéFﬁﬁPfﬁBY‘é Itmﬂﬁﬁa%r Pifeformula

purifjication. If deS|reg L3 nBPer % \; %%%g ReCoy@tente §oB¢
conventi onal et hods sucRYa# ?Pg?g?“é’t’i 3 c’?? %&I zﬂ’ﬁgﬁ 058P5& an
appropriate solvent. The conpounds tabul ated bel ow can be prepared

according to this procedure fromthe corgesonding Fornmula I1
ni t r o- hydant oi n. TABIYg, 1| : R@UIE} np&% [err]

[err] [err] 19-1 }o a1 Igl_Rl 5, o, 6- C

at+b = covalent bond)

5 (a) 5-[(Z-Niﬁro-sfmethoxyphehyl)methyléne}-z,4-imidazoli-
o dinedione (Ry = Ry = H, Ry = CH;0).- A mixture of
S5-methoxy=-2-nitrobenzaldehyde (10.0 g, 55 mmol),
imidazélidine-2,4-dione (5.52 g, 55 mmol), fused sodium
acetate (4.53 g, 55 mmol) and acetic anhydridé (75 mL) was
10 heated under reflux for 1 hour. The mixture was coocled and
water ( 30 mL) added producing an exothermic reaction. Thé
mixture was additionally diluted with water (270 mL)- added
portiénwiée over 15 minutes and then extracted with
dichloromethane (2 X 100 mL). Combined extracts were dried
15 over sodium sulfate and concentrated to afford the acylated
5-{(2-nitro-5-methoxypheny1)methylene]2,4-imidazolidinedione
as an 0il which is used as follows without.further purifica-
tion. The oil was dissolved in methanol (150 mL) and 4N
sodium hydroxide solution (150 mL) added. The reaction
20 mixture was stirred for 1 hour, acidified to pH=2 with 2N
HCl and a tan precipitate filtered off, washed with water

and dried in air. This material suspended in methanol and
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19-2 | H 5-F H5 10-3

H H 6-[err] Triturated fromdiethyl ether, 90%
yield, mp. 308-[err] (dec). NWVR spectra indicates parti al
di met hyl f or mam de solvate. Anal. Calcd. for [err].0.2[err] : C, 59.58; H,
6.21; N, 19.17. Found: C, 59.30; H 6.17; N, 18.75. 19-4 H
5- [err] - H 19-5 - H : 5-d

-H1 - leo \el.r. - H 15 19-7
4 ?lftpred gave B f(Z T£€f5 5 metho§¥ﬁhen l)?%t%vlene) L a-Terr]
5-C, 4-mzeazondthé818ne (8.0 g, 55%), Hh.p. 294-295°C (ckc.) o’
6- [err] 19-10 - H 5-Terr] 6-C 19-11
4-[ehi¢h exhibited §péttral data in ébdan&]wiﬂh the ak®itRed H
5-Terr] H 19-13 Herr] 5-Terr]
H 18taycture. 4- [err] 5- Br 6-[err] 51

EXAMPLE 20 Pre atrg ﬁ% 9a- Tetrahydro H i m dazo
$4, 5-b] qui nol a¢ erﬁ@ﬂ Ct o0 E%rﬁhléolﬂﬁ P #3procedure. - A

M XjUr 850662 F?EHHEQ 'tN 49.94; B, 3.51; n, 15.64.
EXAMPLE 19

Preparation of Formula IIA
Compounds Wherein a and b are Hyd*ogen

10 Goneral Procedure~ A %olutlon of a Formula II ;Jiv)
hztro—Hvdant01n (8 mmol) in dimethvlformamide (60 mL) is
hydrogenated over 10%.palladlum-on-charcoal.(0.4 g) at 60
p.s.i. After hydrogen uptake ceased, the'mixtuxé.is |
filtered through infusorial earth and the solvent evepcrated

15 under reducéé pressure. Residual material consists of the
Foimﬁla IIA amino-hydantoin which can se used to provide
Formﬁla IIB compounds without further purifiéatién. If
desired, residual material can be further purified by
conventlonal methods such as trituration or crvstalllzatlon

20 £rom an appropr;ate solvent. -

The compounds tabulated below can be.pfepared
according to this procedure from the corréséndihg Formula II

nitro-hyvdantoin,
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5 am no- hydantoin wherein a and b are hydrogen (16 mmol) and
[err]-tol uenesul fonic acid nonohydrate (0.25 g) in nethanol (180 nL) is
argon) for a period of

heat ed<to reflux under an inert atnosphere (e.g.

1. 25 ‘hours. Renoval of the solvent under reduced pressure affords the

Formula |1 B tetrahydro- 10 quinoline. Purification is carried out by

conventional nethods such as crystallizaApyE o= trituration of the residual
ether, and the like. If desired,

material from sol vents such as met hanol
acid addition salts of the Fornula |I1B tetrahydroqui noline can be prepared
The

by 15 acidifying the res;ggal material in an appropriate solvent. ]
conpoﬁﬁds t abul ated bel o 3 Q 3 | aggording to this procedure from
f wherein a and b are hydrogen.

R}

t he correspondi ng Fornulﬁ%
52 TABLE |V [ERR] Exanpl e TIA ¢ [err]
; w4 @B g 20-2
H

[err] 20-1
H 7-F
8-[err] Acidificatiog

H of the residual nmaterial with
met hanol i ¢ hydrogen chloride and precipitation with diethyl

et her provided

a 62% yield of hydrated 8-nethyl-1, 3,9, 9a-

Example R
1 =1 52 RI
19 6~C1l
L 72 H 5-F -
Triturated f : 'H G;CH3
308-310% (d:f:’)“ dl;;;IYI ether, 90% yielg m
. . 'S N ’ . .
2:m§thylfcrmamide soleEECtra indicates part:l':al
10 Fg,,calcd. for c. B N.o.. 0.3
e .21; N, 19.17. 1%0&3'3 2. -< CoH C, 59 58;
N, 18.75. : as C, 59.30;'m, .17, " °F
19-4 : :
: H
S5-CH
19-5 5 3 !
5-C1
19~ : i
6 4-CH 5
15 19-7 - : B ?
H 5-CH
l1o-g . 3 S-CH3
W, 19-9 . s H
I+ H
H
6-CH.O
19-10 3
H
19-112 S-CH3 6=l
v 4-cH, 5-C1 6~
19-12 5 "3
S=CH
19-13 30 7
H~CH.0 5-CH.0
19-14 3 .
4-CH
3 S-Br G-CH
3
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tetrahydro-ZH-inidazo[4,5-b]quindlin-é-one hydr ochl o- 10 ride, mp.
220-[err] (dec). Anal. Calcd. for [err].HO. O 55 [err]: C, 53.36; H

" 5.33; N, 16.97; [err], 4.00. Found: C, 53.03; H 5.44; N, 16.74; [err],

3.49. NMR (DMBO-[err]): 2.29 (3,s); 2.78 (1,t, J = 15 Hz), 3.30 15

. (1,dd, J= 15 Hz, J'" =8 Hz); 4.92 (1,dd, J = 15 Hz, J' =8 Hz); 7.15 to 7.60
" (3,mM; 9.20 (1,bs); 9.80 (2,bs). 20-4 H
7- [ er I’] ‘H 20-5 EXAMPLE 20 H 7-C
H 20-6 6-[err] 7-[err] H 20 20-7
H Prepdra€idnd of 1,3,9, 9é}ﬂEﬁﬁdhy&}ong-1m1dazo 6-[err]\JJ
7-C [4, S-blﬁbﬂﬁbIhn-Z-one Intermediates of Formula EIB
8-[err] 20-10 H 7-[err] 8-C 20-11
6-[err] Genqraj.'?rocedure.- ga[t@mt]u%of azgomula IIA ~ H

/- -13 H

20 er Alno-hydantOLnG T%ﬁe*n a and b are7qgﬁro en (16 mmos)[gpp] 53
OGS S LR SLRD Bl S VA4 OROLS Rl 1 12 ons o
Intergegbahes 9f FO4eaard!Beflux under an inert atmosphere (e.q.
argon) for a period of 1.25 hours. Removal of the solvent
under redﬁced pressure.éffords the Formula IIB tetrahydro-
10 quinoline, Purification_is carried out by conventional ' \)'LQ
methods such as crystallization or.trituration of the
residual mater1a1 from solvents such as methanol, ether, and
the like. If deslred, ac1& addition salts of the
" Formula IIB tetrahydroqulnollne can be prepared by
15 acidifying the residual material in an appropriate solvent..
The compounds tabulated below can be.prepared
according to this procedufe from the corresponding

Formula IIA aminohydantoins wherein a and b are hvdrogen.
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5 - General Procedure.- lodine (0.63 g, 2.5 mvol) is added
portionwi se aver 30 seconds to a suspension of a Fornula IIB
1, 3,9, 9a-tetrahydro-2Him dazo[ 4, 5-b] quinolin- 2-one (2.5 mMmwol) in
refluxi ng nmet hanol (20 nlL). The m xture is heated under reflux for 15
m n@es, cool ed, concentrted 10 to approximately (5 nL) and treated with a
solUtion of sodiumthiosulfate (1 Q) q&%ﬁ%x¥¢wncarbonate (1 g) in wer (20
m.) with vigorous stirring. The insol'ubl'e product is collected, washed
with water and dried. O hegg conventional purification nethods can be
enpl oyed such as concentrat itng 1 he, meqct i m xture under reduced -
pregspre and triturating the ra al N\ th an g&g&opriate sol vent
such-as water, |ower:al kan@l s, f desijred,/acid aé rCfon salts of the
Forrmul a | products can be pkg_ aGLATIyiENg the residual material 20
in an appropriate solvent. or ey, the i ng 8-nethyl -
1,3,9,9a-tetrahydro-2kkinidazo[4,5-b]quiﬁ%lin-z-one with iodine as above
and di ssol vin I&QP i nsol ubl e prduct in a 10% et hanolic hydcggen chl ori de
sol ution fol+ ’w'wr%y addi ti on ofldi et hyl et her%rovi ded a 72%-gield of 25
8-nethy|-1,3-§qjydro-2kkinidazo , 5-b] qui nol i ny2- one hydrochlgL&ge, m p.
Ana 7.383.

360-[err]. . Calcd. for [err].HO: C, 56.06; H, 4.28; N, Found:
C, 55.95; H g2, N, 17.65. H : . 7~F 'H
5  20-3 ! H 8-CH,

3

Acidification of the residual material with methanolic
hydrogen chloride and precipitation with diethyl ether

&“fi} _ provided a 62% yield of hydrated 8-methyl-1,3,9,%a-
tetrahydro-ZH;imidgzo{4,5—b]quinolin-2-one hydrochlo-
10 *  ride, m.p. 220-225°C ({(dec).

Anal. Calcd. for C.,H,,N.O.HCl. 0.55 B,0: C, 53.36;
113 03

¥, 5.33; N, 16.97; ﬁéo, 4300. Found: €, 53

H, 5.44; N, 16.74; H30, 3.49. |
NMR (DMSO-d.): 2.29%(3,s); 2.78 (1,t, J = 15 Hz), 3.30
15 (1,dd, J = 95 Hz, J' = 8 Hz); 4.92 (1,dd, J = 15 Hz,
J'=8 Hz}; 7.15 to 7.60 (3,m); 9.20 (1,bs); 9.80 (2,bs).
20-4 " - 7-cH, H
20-5 H 7-C1 o ®
20-6 6-CH, 7-CH, "
20 20-7 B 7-CH, 8-CH,
| 20-8 6-CH, 7-C1 g
o
20-9 E H 8-CH,0
20-10 H : 7-CH, 8-Cl
20-11 6-CH, 7-c1 8-cH,
25 20-12 . H 7-CH,0 B
20-13 6-CH,0 - 7-CH,0 H
20-14 6~CH, 7-Br 8-CH,
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-~

3

NVR (DMBO-[err]): 2.63 (3,s); 7.33 (1,d, J =8 Hz); 7.50 (1,t J = Hz); 7.76
(1,s) 7.82 (1,d), J =8 Hz) 11.6Q (1,s); 11.90 (2,bs). Further Detailed
Description of the Invention 5 Forrmul a XI'1 bel ow redefines
scope of the invention to include conpounds of Formula |I and additi onal
conpounds simlar thereto. In particular, Fornula Xl | enbodi es conpounds

_/ wWherein the "imdazo-2-one heterocycle" fragnment of Fornula | is

substituted with | ower alkyl (preferably 10 met hyl) at the l1l-position in
addition to hydrogen. Further gxhlgrgerf] substituent has been expanded to-
include trifluoro- methyl. Thus the present invention conprehends a o
conpound of Ferephaa¥ibnl BRRE ,BRBLAVArdS2E-imidazo(4,5¢87+] i s hal ogen,
| over al kghinbddme 2abkesy o £t FotmutaoTeFbgn; 1Le;919a-tetfamydgﬁn1 hal ogen,

| ower 28-iyidalzovidr, Sebiaxinolén~-R-onei Enkedmedéatesad HgRormbevelIml kyl

| ower 20 . al koxy; [err IS hgdrogen | ower al kyl or a

phar maceut i cal | genegagt Fmpsedyre . rheFéSF—ne (0p63ig,td E)emmﬂd’erlﬁ ood t hat

revioysgl y. nenti,one
P a%%ey portzoanSe aver 30 seconds to a suspenszon of a

Formula IIB 1,3,9,9a-tetrahydro—23-imidazo[4,S-b]quinolin;
2-one (2.5 mmol) in refluxing methanol (20 mL). The mixture
is heated under reflux for 15 minutes, cooled, concentrted
10 to approx;mately (5 mL) and treated with a solutlon of \Jiu)
sodlum thiosulfate (1 gl and sodlum ca*bonate (1 q) 1n.wter
(20 mL) with vigorous stlrrlng. The 1nsolub1e product is
collected, washed with_water and dried. Other conventional
purification methods_can-be.empioyed”such as concentréting
15 the reaétign mixture’under reducéd pressure and triturating
the residual material with an appropriate solvent such as
water, lower alkanols,letc.
If desired, acid addition salts of the Formula i
products can be prepared by acidifying the resicual material
20 in an appropriate solvent. For instance, treating 8-methyl?
1.3,9,9a—tetrahydro-25-imidazo[4,5-b]quinolin-2-one with
iodine as above and dissclving the insoluble product in a
10% methanolic hydrogeﬁ chloride solution followed by
addition of diethyl ether provided a 72% yield of
25 8-methyl-l,3-dihydro-2H-imidazo[4,5~blquinolin-2~cne
hydrochloride, m.p. 360-363°C.
féggl. Calcd. for C,,H, N,O0.HCl: C, 56.06;

117973
H, 4.28; N, 17.83., PFound: ¢C, 55.95; H, 4.24; N, 17.65.



references to Formula | are to be read herein as including Fornmula Xl
conpounds. A preferred group of conpounds are those of 5 Formul a Xl |
wherein [err] and [err] are attached at the 6, 7, and 8 position,
respeE?iver, and a nost preferred group are those wherein [err] and [err]
are sifilarly attached and [err] is hydrogen. The conpounds of Fornula X |
are obtained 10 accokgl tke, proge t forth,for. Fornul a .
conpounds. Thus, the é@%ﬂg&ﬁ g ?ﬁéfao é??zzg'%g'F%?%%lg;?f1qréh Kdr ei n
[err] is habgen.ril,eyely al lugh.; bower (al kpxyy B5i {1 ey 0-g NBtéz) fanrlsd s
hydr ogen, hal ogen, |ower alkyl, |ower al koxy; [err] iIs hydrogen, hal ogen,
| ower ~&l kyl ,(1l,s0er 1al.l8@x\;2,28d .R 15 is hydrogen, |ower alkyl, are obtained
by a process conprising (a) reducing a substituted hydantoin of Formula -

X'l [ERR] 56 wherein a and b are hydrogen or together. are a coval ent
bond, [err nd [err] .are _defined as above;, and (b) treating the reduced
mat eri al Wi rther, : led.Dgscrlptlon of the Invention

5 ?ormﬁla XII below redefines scope of th; invention
to include compounds of Formula I and additional compounds
sihilar thereto. 1In particular, Formula XII embodies
compounds wherein the "imidazo-2-one heterocvcle" fragment

of Formula I is substituted with lower alkyl (preferably

\_J -
N
10 methyl) at the l-position in addition to hydrogen. Further,
the Rl substituent has been expanded to include trifluoro-
methyl. Thus the present invention comprehends a compound
of Formula XII
(X11)
Y,
15 R1 is halogen, lower alkyl, lower alkoxy,

trifluoromethyl;

R2 is hydrogen, halogen, lower alkvl, lower
alkoxy:
3 is hydrogen, hal?gen, lower aikyl, lower
20 alkoxy;
R4 is hydrogen, lower alkyl

or a pharmaceﬁtically acceptable salt thereof.
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5 such as iodine when required. The foregoing process is
anal ogous to the previously described process for reducing a Fornmula |
hydantoin and treating reduced material with an oxidant such as iodi ne when

requi red. Accordingly, reduction of 10 Forrmula XI11 hydantoin
internediates is carried out by conventional chem cal or catalytic nethods.
For instance, the Fornula XI-Il hydantoi ns can be chem cally reduced by

treat nent with Byd®deh bodnmrermkPad thato freoriopsdvcoeditagned t he net hod
of Kozak, et al., supra..  QGatalytic 15 hydrogenation is particularly.
pr ef e??gﬂr%%“%c%%ﬁﬂ%cﬁﬁr &9 r%ﬁﬁﬁ%g’eﬁ’ﬁlé‘l aSLREYREING  of er ably
pal | é fgrxffu$ggh?%ﬁhéulapprdpriate reaction inert solvent such as

y “Reduct1

di et or mam de. lon is carried out at roomtenperature and when
hydrogen upt akepigrefseidd adtoupbs PRl e ti,@gn mxture is

war med and fil ter%%l or optiaional.slgy heated to abatcft%t-t?.‘gr%r%] _b?or alto 4 hour
[ger i aBoded s ex11 wiesdentn RJ N m%r&hd' e attRdedualt ¥Rkek| ab, obt ai ned by
concentrating the filtrate predom nartly con- sists of the desired Fornula
Xl | prediugtpesbticerd taspectiveds and @ imcwti @refiedradagonupasren to the
fused quinoline ring system _ In other instances,. the residual nmaterial

pr edotRPSMtYReERR i Bt s By MR Ry A% iSidt Jagidvuiat trcheA anenB,hjgant oi n
(mherﬁiékgbggd_b, [err] ~ are as defined 57 ' :

The compounds of Formula XII are obtained

o

- 10 according to the process set forth for Formula I compounds.

Thus, the comopunds characterized by Formﬁla X1I

wherein Rl is halogen, lower-alkyl, lower alkoxy, trifluoro-

methvl; R2 is hydrogen, halogen, lower alkyl, lower alkoxy;

R3 is hvdrogen, halogen, lower alkvl, lower alkoxv; and R4

15 is hvdrogen, lower alkyl, are obtained by a process
comprising .

(a) reducing a substituted hvdantoin of

Formula XIIX

}o (XIII)
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~above) resulting fromreduction of the Formula XIIl nitro hydantoin or the
1,3,9,9a-tetrahydroquinoline internediate of Fornmula XII1B (wherein J[err]
and [err] are defined as above). In other instances, the residual material
5 predom nantly consists of a mxture of Formula XIII A X II1B internedi ates
togefther with the desired Formula XI| product. Wthout being bound by '
theory, the transformation of a Fornula XIll nitro-hydantoin to the Fornul a
XI'l product is thought to i rWRASRLN &d@nd dn agle hiydregenooygr bapetihelr odxd eni c
10 doubl e bond to the corresponding Formul a XIl11 A anine (wherein a and b
are hydrogen).. Ring cyclizat? diP¥q B roRqur Rasi Byl PAReBysPI®to t he.
Formul g XI'I product or the 3f1 59% I’%%lé{ nol i ne i nternedi ate of

tetr d
Formula XII1B which is aromatize yasdeaﬁ:;a/ogbrédgena ion. [ERR] 15 In those

cases where the reactiofh) s {fACOMELIhe IfRAIRY dderiBicClieh LS &ﬁf?érgg

with an oxi dant such as iodine in an al kanol sol vent such as net hano
di met hyl f gr mam de and t he |isgchtay efddphed &lesy aledia@redUnder these

conditions, cyclization of Fornula XIIIA amines to the Fornula XII 20

products or the Fornul d&rbé | & easireh\phroemssndls meailpgensetpatbe with

oxi dation of the latter to the desired 58
previously described process for reducing a Formula II
hvéantoin -and tfeating'reduced material with ar oxidant such
as iodine when required. Accordinglv, reduction.of

10 Formula XIII hydantoin intermediates is carried out by
conventional chemical or catalytic methods. For instance,
the Formula XIII hvdantoins can be chemically reduced bv

treatment with hvdrogen iodide and red phosphcrus according

to the method of Kozak, et al., supra. Catalvtic

15 hydrogenation is particularly preferred and accomplished
with a transition metal catalyst, preferably palladium-on-
carbon, in an appropriate reaction inert solvent such as
dimethylformamidé. Reduction is carried out at room
temperature and when hydrogen uptake is essentially-

\J 20 complete, the reaction mixture is warmed and filtered cr
opticnally heated to about 100°C. for a 1 to 4 hour period
before filtering. In some instances, residual material
obtained by concentrating the filtrate predominantly éon-
sists of the desired Formula XII product §rodu¢ed by facile

25 cyclization and aratomization to the fused quinoline ring
system. In other instances, the residual material
predominantly con#ists of the uncyclized Formula XIIIA amino

hydantoin (wherein a and b, Rl' R2' R3, R4 are as defined
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1, 3-di hydro- 2R-i m dazo[ 4, 5-b] qui nol i n-2-ones of Formula XIl is effected.
The Formul a Xl I'1 B conpounds are considered part of the instant
i nvention. Wen iodine is enployed, the Fornula Xl I product is isolated in
. base form5 by sequentially treating the reaction m xture wi th aqgueous
" sodiumthiosulfate and ‘al kali nmetal carbonate such as sodi um car bonat e.
The base formof the Formula Xl conpound, whichever of the nethods
descri dpbviedr epsulbing tfropr epductiopn ofsthepfoyeda ¥a§Ibeitonverted into a
pharmaceutically acceptable salt thereof, as desired. 10 An
al t er nhydentpir 65 stheot, 3 P et rgiorpaiinglive intemmesiate cfonpri ses (a) o
al kyl atd 3at REPrS ORI n0k . Foy mulpa -.EI%%] : LELA [err] and [wfr]
are as ée ‘ned agove W th rer?‘]%%eﬁe"ﬁy[%‘ir el\sagl?é&er AT kyl and 15
X reprefied .a [Raytier gnetipncech the Fesydwd B madtesibkat e, phosphate, sulfate
and hal ogen, preferably chlorine or bromne to provide an al kylated thio
conpdurRregiomipantla SOngiERR) o5r mixtyre ofiFemmuiahydidhy ZXHgER he Formul a XV
Conpourghtermediates together with the desired Fcrmﬁla XII product. '
Without being bound by theory, the transformation of a
Formula XiiI nitrp-hydan;oin to the Formula XII product is
thought to in?olve reduction of the nitro group and olefenic -

10 double bond to the corresponding Formula XIIIA amine

{wherein a and b are hydiogen). Ring cyciizatibn follows or \J\v)
occurs simultaneouSiflﬁo ﬁhe Formula XII pfoduct or-the
1,3,B,Qa-tetrahydroquinoiiﬁe ihtermédiate 6f.Formula XIIiB
which is aromatized by dehydrogenation.l -
&
RZ
R

15 In those cases where the reaction is .incomplete, the
residual material is treaged with an oxidant such as iodine
in an alkanol solvent such as meghanol. or diméthylformami&e:
and ﬁhé like ag reflux temperature. Under these conditions,
cyclization of Formula XIIIA amines to the Formula - XII

éo. products or the Formula XIIIB tetrahydroquinol;ne

intermediates with oxidation of the latter to the desired
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preferably under acid conditions, to the Formula Xl | conmpound. Wth
reference to preparation -of Formila Xl Il 5 hydantoins wherein a and b
represent a coval ent bond, the procedure described by Billek, supra., can
be uséd. Additionally, Formula XIIl hydantoins can be obtained by reaction
of a hydant oi n-5- phosphonate of Formula XVI wherein [err] is hydrogen or

| ower al kyl wi t1) 3adZ2hyd#d-QreAa388£0 V4S5 -0) gh@nb0i MRl -Ddnle¥ of WeFmMila xferr]
and [err] are as defined for Fornmula XI'l) illustrated in the foll ow ng

reaction schengs REfPOERED [ BRR| Ferruk2action is ¥oiifesoppepydeane ed qut at

room t enperat ure by . addj t he phosphonat | ar ui val ent of
15 sodiim di sscﬁ%egdfﬁe%r{’%d' ﬁo?h%o’fr*/&ii“% &3}{"%%{‘3{ *ha F“f B‘F‘?’d\ﬁe

addi tion of th msqezaédeéwe%o&—mav&ﬁ Grdahet’ is {falrdteaa&ﬁ s&@&fomed for
Xir). Arel atlvely short period of time is required to conplete the
reaction (edg. ¥ §et;ﬁeﬂtfnm);raaﬂxﬁq1etﬂwd'aaboim (mil:xturehel €h nacueduls =

coval ent 60 bond) is isolat edﬂ% concentrating the reaction m xture and

washi ng the redioddamtripsikfate Pkpdiit BetadcFrzhanares spsh | 3s \GSABIN a +
b = coval ent beafjonabels Obhieabiedfirmeof ahé | BorMARSKEL cafpoand]) wWhithever

geonetri Ca}l | SQFChR methods described herein for its preparation is employed,
may be converted into a pharmaceutically acceptable salt thereof,
as desired.

i0 _ An alternate process for preparing Formula XII
compounds comprises

(a) alkylating a thio compound of formula XIV

B
! NG
R >-= s (XIV)
2 .
AN
R ]
3 R,

- wherein Rl' Rz, R3 and R4 are as defined
above with RgX wherein Rg is lower alkyl and
15 X reétesents a leaving group such as
U mesylate, tosylate, phosphate, sulfate and
halogen, preferably chlorine or bromine to
provide an alkylated thio compound of

Formula XV

LN
R \>._ S-R xv)
P

R
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wherein the predom nate i soner has the vinyl proton (where present)

-
resonating at lower field in the NVR spectrum In the instant process for
preparing Formula Xl I conmpounds from hydantoins (XIIl wherein a + b =

covalent bond), it is inmterial as to which isonmer is used since the
doubl e bond 10 is reduced. Wth reference to preparation of Fornmula XV

1, 3-di hydro- 2H i m dazo[ 4, 5- b] qui nol i n- 2-t hiones; the follow ng series of
reactions are ugsd. aaTHHREHyERBLveing thé Béepula 0Xv Mesthsshrdd, t he

al dehyde (XVI1 wherein [err] and [err] are as defined for XIV) is .
condensed with the [rreferabllyi anddanacia ¢oviitiohereto ther] "is hjﬂ?ogen
or lower alkyl) in agueous -et hanol and _norpholine or piperidine at 5 steam
bath tenperature. [IFPTRER XTIt KEMRABAB-function of (XI'X) -i's deprotected by

di ssol ving t he terial in neat trifluoro acetic acigd i e presence of

ani sol e tg givgﬁﬁﬁbr"ﬁﬁﬁﬁ§% ﬁPePﬁEEFﬁ?%‘??%?% %95?? %tgﬁﬁpofp(XIX) was

effe hy. £.0 DPVidini ylate_j Lpbenyl 210 t her at err

oot d Ve O WS P £ 4 U BRRSHL o Pebla BeR oA O P T L gl

PP GpFd e W Y Tbddd by 1A 1hek!, ] shpkalydashoba hediep 1 and
Additionally, Formula XIII h?dantoins_¢an.be'bbtained-by

reaction of a hydantoinQS-phosphonate of Fofmula XVI wherein

R, is hydrogen or lower alkyl with a 2-nitrobenzaldehyde of ‘;)
_ ' o o S -
10 Formula IX' (wherein R,, R, and Ry are as defined for
Formula XII)Iillustrated in the following reaction scheme.
METHOD D
o, ¥
N
' + 0 =0 _, XIII
P 4N ‘ (a+b-covalent
(ECO)Z? . i e bond)
_ R, _
XVvi
XL o

The reaction'ié cthenieﬁtly carried out at room temperature
by adding the phosphonate (XVI) to a molar eguivalent of
15 sodium dissolved in an alkancl solvent such as ethanol
followed by addition of the benzaldehyde (IX"whgrein Ry»
R,., R, are as defined for XIII)Q A relatively_sﬁort period.

of time is required to complete the reaction (e.g. 0.5 to ?

hours) and the hydantoin (XIII wherein a + b = covalent
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+ condensing with phosphonate (XVI). Subsequent hydrolysis (Step 2) and

cyclization (step 3) affords the instant 15 conpounds of Forrmula X/ I. For
i nstance, the follow ng series_of reactions provides
1, 3-di hydro- 7, 8- di net hyl - i m dazo[ 4, 5-b] qui nol i n-2-one. [ERR] The

For | a XIV conpounds are considered part of the instant invention,.as also
are~their euti cal able S ts | n_respect, .of the Exa

39542 aii ch RBRRT ofronser Bt Es cheSPaSeRErACing NS A BOECTARnRRE
Exanpl e 1. w@zhlng tREAMBLEE4E with water,. The hydantoin gfgsvitlves

7- Brono- 1, 3-di hydr 6- 2H i m dazo[ 4, 5-b] qui nol i n- 2- orie | ERR

N-[ 2[(2, 4- Di qxa13- whedaial adiny| 3 neéveidnt pheny) | anal awdgdeadrate. - 'N-[2-[
(2, 4- Di oxoi m dazol i di n-5- ylidene)nethyl]phenyl]acetanm de obtai ned by
condensi ng 2fzequanitdybennaldehyfiea \miktwhe sphoyedme {xivdal (i46mgrs0. 19 nol e)
i n di met hyl for mam de &400 m.) was hydrogenated at 50 p.s.i. over 10%
pal | adi um onw8kaedsathespgpdomipate v5¢mmﬁsha¥rﬁ#¢nvaanaamﬁ;qn |(wheed

- through kiesel guhr, ‘the solvent 10 and the resitue trlturated
W h ot o BraseR) | RReBRat TRR R hoTOVET FLRLa N e R | P ees i - o

col lected by (higl §rak,QR0 pPAZDEY ¥ oL & VAL o ARKL /YA dhpiRARHEE 3hom

hydantoins (XIII wherein a + b = covalent bond), it is
immaterial as to which isomer is used since the double bend

10 is reduced.

\ar\J With reference to preparation of Formula XIV
-1,3-@ihydro~2K-imidazo[4,5-blguinolin~2-thiones, the
following series of reactions are used.

METHOD E
—}-o-E -
R, NHCO
)
R
27N 7:> Seep 1 S&I )=
R3 N
~/ (XVII)
(XVIII) Xxx)
aﬁSoléﬂIsoqgl Ri 2 f
> R I | — W)
Step 2 Ry E>=S Sten 3
cH N
' R
b “
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A

80 Cto give NN[2-[(2, 4-di oxo-5-imdazolidinyl)nmethyl]- phenvl]acetamde -
(47.15 g, 100% which was used in Step 2 15 without further purification. A
hydrat ed anal ytical sanple purified by crystallization from aqueous ethanol
had mp. 200-[err]. Anal. Calcd. for [err].0.09 {err]: C, 57.92; N, 5. 34,

N, 16.89; [err], 0.65. Found: C, 57.59; H 5.38; 20 N, 16.91; [err],
0.63. Step 2. N-[4-Bromo-[ (2, 4-dioxo-5-inidazolidinvl)- :

met hyl ] phenyl ] acet am de. - Bromine (23.26 g, 0.146 nole) in acetic acid (10

ML) wegn agkigd 106epMé Bieod €, athei a18chyxdl Uiivol WHed¥iln?r, [ R, and
(2, 4- di oxo-5-i mi dazol'i di nyl ) met hyl ] phenyl ] acet anmi de 6é (34.24 g, 0.13;
nol e) Bpoaxmdicude ftreditliox( ZZV541§1 CCE)'ldF?Ge#D‘Peyhmheacet ic aC| d (300 niL)

mai nt aj ne t The tirre err] for 18 hours during
whi ch m’g Hichaagrrrit: gRriTevhetain a1 Theftodan e d8eeBool od. 5
dilute h ) o] untll,brom'ne
col or g%&%péﬁgeﬁzﬁ%} eﬁ?&r"%dg?gﬁ%ﬂ(ﬁd&kge %ﬁaﬂﬂs&glﬁggg ﬁtout 17 g).  The
fil br asceamdbachneenperitante.n TacStep @ ,afther dmpnovhfunetiohisif whi ch was

triturated with water (100 nL) and filtered to give an additional 17 a of
10 maf¥¥Xlklis deprotentich &y dérselving ahfasaterink Hndpeatyl ether and dried

In Vacgr1é4u4¥er£Le££E§£cf% Nh[ﬂhgrp*esé%ce of anisole to give the

aniline intermediate (xx). Cyclization of (XIX} was

effected by exposure to pyridiniuﬁ tosylate in diplenyl -
10 ether at 180°C. to furnish thione (XIV). | xj\\j

A variation of Method ﬁ involves substituting an

appropriate hydantoin for thelaébthidhydéntoin in Step 1 and

condensing with phosphonate (XVI)., Subsequent hydrdlysis

(Step 2) and cvclization (step 3) affords the instant
15 compounds of FormulaIXII. For instance, the following

series of reactions provides 1,3-dihydro-7,8-dimethy1—ZH-

imidazo[4,5-b]Jquinolin-2-cne.

- ot
ﬂcuo j: >= Stepl \m 0 >=°

'CH3 (Et0),P 2 _ G!S

C

Oy

Q\I}o =

The FbrmulaJXDV«xm;xmndB are considered part of'uuelnstant
invention, as also are their pharmaceutically acceptable salts.
In respect of the Examples 22-42 which now follow, reference is

made to the paragraph preceding Example 1.
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[ 2, 4-di oxo-5-i mdazolidinyl)nethvl]phenyl]acetanm de (30.78 g, 94% which
was used in Step 3 without further purification. An analytical sanple
prepared by 15 crystallization fromethanol had mp. 216-[err]. Anal.
Calcd. for [J[err]: C, .44.19; H 3.71; N, 12.88. Found: C, 44.30; H,
3.79;, N, 12.84. Step 3. 5-[(2-Am no-5-bronophenyl ) net hyl -2, 4-
|nhdazolld|ned|one - A mxture of N-[4-brono-2-[(2,4-dioxo- 20
5-i m dazol i di nyl ) nmet hyl ] phenyl ] acet amEkaAMPIE. 22 g, 94 mmol ), ethanol (375
m.) and 10@6hydroch|or|c aC|d sol ution (190 nL) was refluxed for 2.5 hours.
The m xture was caft Ok Sgbgyuinrpiinpd-one . The
filtrate was concentrated in vacuo, neutralized with sodi um bi carbonate 25
solution, the precipitate filtered of- and conblned wi th ethanol (15 ni)
and 10@6hydroch|or|c acid solution (10 A )_ffte refluxing for 1.5 hours,
!E|,7

the m xture was cooled and filtered t donal 1.95 g of

mat eri al whi ch was conbined with.the Q ;%1ated material to give
64 5-[ (2- am no- 5- br onophenyl ) netaiyl olldlnedlone (20.53 g,
77%, mp. [err]. Anal. Calcd. for [err]: C, 42.28; H, 3.55; N, 14.79.
Found: C, 42.10; H 3.57; N, 14.70. 5 Step 4.
7-Brono-1, 3-di hydro-2H i m dazo[ 4, 5-b] -

Step 1., N-[2[(2,4~-Dioxo-5-imidazolidinvl)methvll~-

phenvl]acetamide hvdrate.- N-[2-[(2,4-Dioxoimidazolidin-5~

5 vlidene)methvl]phenyllacetamide obtained by condensing
2-acetamidobenzaldehyde with phosphonate (XVI) (47 g, 0.19
mole) in dimethvlformamide (400 mL)=was'hydroqenated_at 50
p.s.i. over 10% palladium on charcoal (3 ¢). After 7 hours,
the mixture was filtered through kieselguhr,.the solvent

10 evapcrated and the residue triturated with water. (100 mL).
After standing overnight at S°C, the solid was collected by
filtration, washed with cold water and dried in vacuo a£
80°C to give N-[2-{(2,4~dioxo-5-imidazelidinylimethyll-
phenyl]aéetamide {47.15 g, 100%) which was used in Step-z

W, 15 without further purification. A hydrated anaiytical.sample'

purified by crystallization from aqueous ethanol had

m.p. 200-202°C.

Anal., Calecd. for C,,H,,N;0,.0.09 H,0: C, 57.92;

127137373° 2

N, 5.34; N, 16.89; H,O, 0.65. Found: C, 57.59; H, 5.38;

2

20 N, 16.91; H,O, 0.63.

2
Step 2. N=-[4-Bromo-[(2,4-dioxo-5-imidazolidinvl)-

methvl]phenvl]acetamide.- Bromine (23.26 g, 0.146 mole) in

acetic acid (10 mL) was added dropwise to a stirred solution

of N-[2-11(2,4-dioxo~-5~-imidazolidinyl)methyl]phenyl]acetamide
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quinolin-2-one.- lodine (8.93 g, 0.35 mmvle) was added in one portion to a
solution of 5-[(2-am no-5-bronophenyl)- nethyl]-2,4-imdazolidinedi one
(10.00 g, 35 mmol) in dinmethylformam de (150 nl) naintai ned at refl ux.

After 5 10 minutes, the m xture was cooled to roomtenperature, diluted
with water (300 nL) and sodiumsulfite solution added until col orl ess.

Sodi um car bonate (10% solution was then added to pH=9 and the solid was

filtexsd, pdfg, vashesl mbld) Wariersadihretdtanalteand 2dsised,i 0. ygguo at 78 C
overnight to give 15 7- brono- 1, 3-di hydr o- 2H—|n1dazo[4 5-b] qui nol i n- 2- one
(8. 45mg}eD0y  agepic [qu (mmm @@ igtaifned at] §5-C. Ched5.49; H, 2.30;
N, 15.92. Found: C, $.42; N 15.85. NVR (DMBO-d6): delta 7.61
(1H ’aa”tewmaSJstelFEedzﬂt G%r%n&t# A8 jhoursgduring which gime1s, d,

m[i’ﬁ?%?ég‘? %iH?hg%‘%]/l%‘EY% . 2 %M%%r[ewgsbf&e}ﬁgp. n-2-one [ERR]
Thy 5 EOTRELEd P SYAOUS | Y1£) LG filn FATR Johuelbn"R3aBLEPAT o

anal ogous

5- [[%ééw%hahfw%ic? DBtV | Bl £ A vl 4R78Fford a

white solid (about 17 g). The filtrate was concentrated in
vacuo to afford a white solid which was-triturhteﬁ with
water.(loo mL) and filtered to give an additional 17 g §f
10 material. The combined solids were washed with.diethyl.
ether and dried in vacuo at 50°C to give §~[4-brom§-2-
[2,4-3dioxo~5-imidazolidinyl)methvllphenyl]acetamide
(30.78 g, 94%) which was used in Step 3 without further
purification. An analvtical sample prepareéd by
15 crystallization from ethanol had m.p. 216-220%¢.

Anal. Calcd. for C,,H,,BrN.0 C, 44.19;

12712 3¢
H, 3.71; N, 12.88, Found: C, 44.30; H, 3.79; M, 12.84.

Step 3. 5-[(2~Amino-5-bromophenvl)methv]=-2,4-

imidazoliﬁinedione.- A mixture of N-[4-bromc-2-[(2,4-dicxo- J
20 S5-imidazolidinyl)methyl]phenyllacetamide (30;78:9, 94 mmol),
ethanol (3758 mi) and IO%Jhydrochloric acié solﬁtion (190 mL
was refluxed for 2.5 hours. The mixture was cocoled to 5°C
and the solid (18.58 g) filtered off. The filtrate &as
concentrated in vacuo, neutralized with sodium bicarbonate
25 solution, the.precipitate filtered of- and combined with
ethanol (15 mL) and 10% hydrochloric acid solution k10 mL) .
After refluxing foi.l.S hours, the mixture was cooled and
filtered to give an additional ;:95 g of material which was

combined with the previously isolated material to give
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li1dinedione (3999, mp. [err] Anal. Calcd. for [err]: C, 64.19; H 5.39;

N, 17.27. Found: C, 64.31; H 5.40; N, 17.11. [err] 10
NVR (DNBC)[err]): delta 1.34 (6H, d, J=5.5Hz, [err] ) 4.68 (1H, m OCH),
7.16 (1H, d, J=9Hz, aromatic Hortho to -o-), 7.35 (1H s), 7.59 (1H s,

aromatic Hortho to NCO, 7.76 (1H d, J=9Hz, aromatic Hortho to -O),
11.0%4 (1H, bs, NH), 11.45 (1H, bs, NH). 15

E[err] [errﬂ-E%héhﬁiﬂaJaﬂﬂﬂbdiéhéivﬂnh@&thX¥2 4-imidazolidinediore :
2H i mi dazo[ 4, 5- b} qui nol.i n- 2- one [ ERR] Th|s conpound I s prepared anal ogous
to Exarrpl e 12AX0.5a @.[@R)G,—tnr.lmetﬂidﬁycz nltrophenyl)rret hyl ene] - 2, 4- 20.
imd | i di nedi one (61@6y|eld) G[err Anal . Cal cd. for [err]:
C, 56 3; H, 4 76; N, 1@610Hrh’§033 N, 48-28: NWR

Lerry o7 bbb Baﬁirﬂaft o aia” ' BaetPy =y 35SPUR TaoTate o
ortho to di\'co) 10. 89 (Jéigé.tz.[\'\'f)v-yro%-(l 14 a3 n o Bh - 2B XN, 874, 5-1] -

13D|hy (tr|f|UOIUIIULIIyI}‘
quinolin-2-one.- Todine (8.93 g, 0.35 mmole) was added in

I

one portion to a solution of 5-[(2-amino-5-bromophenyl)-
methyl]-2,4-imidazolidinedione (10.00 g, 35 mmol) in
dimethylformamide (150 mL) maintained at reflux. After 5
10 minutes, the mixture was cooled to room temperature, éiluted
with water (300 mL) and sodium sulfite solution added until
colorle;s. Sodium carbonate (10%) solution was then added
to pH=9 and the solid was filtered off, washed with water
and ethanol and dried in vacuo at 78°C overnight to give
15 7-bromo-1,3-dihydro-2HE-imidazo(4,5-blquinolin-2-cne (8.45 g,
90%), m.p. >310°.
Anal. Calcd. for C,, H.BrN,0: C, 45.49: H, 2.30;
N, 15.92. Found: C, 45.69; H, 2,42; N, 15.85,
NMR (DMSO—dG): delta 7.61 (1H, dd8, J=9Hz, J'=2Ez,
\, 20 aromatic H), 7.62 (1H, s); 7.71 (1B, 4, J=9Hz), 8.15 (1H, 4,
J=2Hz).
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|

2H-i m dazo[ 4, 5- b] qui nol i n-2-ones [ERR] 10- (a) 2- (Methylthio)
-6- (trifluoronethyl) -1H im dazo[4,5-b]jquinolin.- A suspension of

1, 3-di hydro-6- (trifluoronmethyl) -2Him dazo [4,5-b]quinolin- 2-thione

‘(0 53 g, 2 mmol) in nmethanol (5 n) was treated with 50% aqueous sodi um
hydrcxide (0.18 g) to afford a 15 solution which was cooled in an ice bath.
Methyl iodide (0.3 g, 0.13 nL, g, Mpigobl Was added and the m xture stirred
for 90 m nutes before being flltered The solid was washed wi th net hanol
and dried in air to give-pihv@idwi+tlli-mptAylethoxy)=-
(trifluoronethyl)-| Hi3t-daidezo B (F-dnlguéhobhin{B-8% g, 61%, 20 mp. >270 C.
Anal . Calcd. for C12HBF3N3S: C, 50.88; H, 2.85; N, 14.83. Found: C,
50.50; H, 2.83; N, 15.01.. 67 NVR DNBC)[errho:-delta 2.81 (3H, s, .
S-[err]), 7.70 (1H, dd, J=8.5Hz, Z=EMNe~ ¥ N.c Hortho to [err]), 8.29
(2H, m aromatic H), 8Ca§ (1H, s, i orthe 0 N-C-SMe) and 13. 30
(1H, bs, NH). 5 \\( ] ¥rifluronethyl)-2Him dazo-
[ 4, 5- b]qU|noI|n 2-one. - A-ﬁlxture ot~ 2- (M6t hyl ®hi o) -
6-(trifluoromethyl)-1HCH dazo[4 5-b] quinoline (1.77 g, -6 mml), acetic
acid (25 nmL) and 3N hydrochloric acid solution o '

This compound (previously disclosed as Exarple

5 15-6) was prepared analogous to Example 12 from
s-[[5-(1-methy1ethoxy);2enitro1methy1ene1;2;4-imidazo-

lidinedione (39%), m.p. >320°C.

N
Anal. Caled. for C13H13N30? - C, 64.19: H, 5.39%;
N, 17.27. Found: C, 64.31; H, 5.40; N, 17.11. . _—
10 NMR (DMSO~d.): delta 1.34 (6H, &, J=5.5Hz, C f 3)
4.68 (1H, m, OCH), 7.16 (1H, d, J=9Hz, aromaticH ortho to &
-0-), 7.35 (1H, s), 7.59 (1HE, s, aromatic H ortho to NCO),
7.76 (1H, 4, J=9%Hz, aromatic H ortho te -C-), 11.04 (1E, b;,_
NH), 11.45 (1H, bs, NH).
15 _ o _ " E: | LE 24
1,3-Dihydro-6,7,8-triméthoxy-
2H-imidazo[4,5-blquinolin-2-one
_ QJ/

This compound is prepared analogous to Example 12
from 5-[4,5,6-trimethoxy-2-nitrophenyl)methylene}-2,4-

20 imidazolidinedione (61% yield), m.p. >320%.
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(25 m.) was heated on a steambath for 4 hours. The 10 sol ution was dil uted
with hot water (250 nL) , cooled and filtered. The filtrate was
concentrated to afford a second crop. Solids were conbined with acetic
acid (25 nL) and 3N hydrochloric acid solution (25 nlL) and the m xture
heated or. a steambath overnight. The mixture was diluted with hot 15
wat e+ (250 nL), cooled, the solid collected and dried in vacuo to accord

1, 3-di hydro-6- (trifluget hydadlecdHEdH -.NL4 5 bequiseohn- 2; opesd.l. 38
g, 83% , mp. >250 C. Anal. Calcd. for 3ndo: C 52.18; H 2.39; N,
16.60. Found¥, 1G.52. 0Found2. 43, 59.90G. 4. 4203; N, 15.20. .
EXAMRLE 26 1, 3-Di hydro-1, 8-di methyl -2H i m dazo[ 4, 5- bl auinolin-2-one [ERR|
Thi's conpound obt ai ned N¥R alBM§Qdy)I iy deidvaatded hyidFac 8l oPFHg) saPt 9Rab3E,
prepared anal ogous_ to Ex le 7b fraom 1-net.hvl - 5- i

(2- met hyl - 6- it % r?ﬁsﬂe’nyl hABnd - 2E 3)mi Jg‘j’& (15 %edPBH@thé%l.y?%ﬂ&B,

mp. 340-[err ) - . | gd. for [.er . 1LenRk, By 3Ll: H,
4 89: N 5! o Qe Qﬁasl’slﬂf? %d 43_r%gga[t§,5k%5%?1%5% k), fo. 8. frm,
(DMSO-[err]) g datgp 12. 66 (1) s, momatic [err]), 3.41 (3H s, N-[err]),
7.29 (1H, d, J=7Fz, aromatic Hortho to [err]), 7.45 (1H t, J=7Hz,
aromatic Hmeta to [err]), 7.71 (1H, EXAMPLE 25

1,3-~Dihydro-6~(trifluoromethyl) -
2H-imidazo{4,5-blgquinolin-2-ones

. CF N H
i I k- N
A, ~ >
. _ 0
Z N
) H

10 (a) 2-(Methvlthio)=-6-(triflucromethvl)-1H-

imidazo[4,5-blauinolin.- A suspension of
1,3-dihydro-6- (friflucromethyl) -2H-imidazo [4,5-b] quinolin-
2-thicne (0.53 g, 2 mmcl) in methanol (5 mL) was treated
with 50% aqueous sodium hydrcxide (0.18 g) to afferé a
15 solution which was cocled in an ice bath. Methyl iodide
(0.3 g, 0.13 mL, 2.1 mmol) was added and the mixture stirred
for 90 ﬁinutes before being filtered. The solid was washed
with methanol and dried in air to give 2-(methvlthio)-6-
(trifluoromethvl) -1B-imidazo[4,5~-blguincline (0.34 g, 61%),
20 m.p. >270°%.
Anal. 'Caled. for C, B F,N.S: C, 50.88; H, 2.85;

12787373
N, 14.83. Found: C, 50.50; H, 2.83; N, 15.01.
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d, J=7Hz, aromatic H para to [err]), 7.87 (1H, s, aromatic Hortho to
NH. CO). 10 EXAMPLE 27

1, 3-Di hydro-1, 7-di net hyl - 2H i m dazo[ 4, 5-b] qui nolin-2-one [ERR] This
conpound i s prepared anal ogous to Exanple 7b from 1-nethyl -

(5-net hyl - 2-ni trophenyl ) met hyl ene] - 2, 4- i mi dazol i di nedi one, (46%yield),

m p. >320C. 15 Anal . Calcd. for [err].0.04[err]: C, 67.36; H,
5.22; N 19. 63. ¥MRINtPMSD-d) D4Lelta a.zm; "NF,1%,68- (DVBO- d6): delta
246( aromatic [err] 3.35 (3H, N-[err]) 35 (1H, d, J=7Hz,

arorratﬂ:HH ‘é)‘?thb"ﬁosq“?e-r rJ )= ’47262“(%“5" f‘a &HFF32.68-23H, s, arqQuatic

, 70 d, . J H EXANVPLE 2
1 3-Di ﬁ?/%ro 7(%‘?%%/" L‘z’n'et%a/{é)%frﬁ'dma t%%j?qér)&ao %°2-one [ERR] This

ggrrlp(r)g,@dg %%gi ng,;;I%af3 a%@af{ﬁ albyy%ﬁte was 5 prepared anal ogous to Exanple

phery! ) met hyl enelp] - @;Mtr&&dmde@ﬁm&mgi%)w{qﬁu%@l mp. [err].

Anal”. Calcd. for [erTJOU.OZ[erryJ. C_o6Z. 717, )
" [4,5~b]lauinolin-2-one.- A mixture of 2-(methylthio}-

6-(trifluoromethyl)-1H-imidazo[4,5-blquinocline (1.77 g, 6
mmol), acetic acid (25 mL) and 3N hydrochloric acid solution
(25 mL) was heated on a steam bath for 4 hours. The

10 solution was diluted with hot water (250 mL), cocleé and ;J\uj
filtered. The filtrate was concentrated to afford a second
crep. Solids were cﬁmbined with acetic acid (25 mL)} and 3N
hydrochloric acid seclution (25 mL) and the mixture heated on
a steam bath overnight. The mixture was diluted with hot

15 water (250 mL), coocled, the solid collécted and dried_ié
vacuo . tolaccord 1, 3-dihydro-6-(tfifluo*omethvl)-2?-imidazo-.
[4,5~-blquinolin~-2-one (1.38 g, 83%), m. P. >250 C

Anal. Calcd. for C11H6F3 30¢ C, 52.18; H, 2.39;

N, 16.60. Found: C, 52.04; H, 2.43; N,.16.645

20 EXAMPLE 26

1,3-Dihydro-1,8-dimethyl-2H~
imidazo[4,5~blcuinclin-2-cne

This compound obtained as a partially hvdrated

hydrochloride salt was prepared analoéous to Example 7b from
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H, 4.85; N, 18.30, [err], 0.157. Found: C, 62.43; H 4.85; 10 N, 18. 14,
[err], 0.094. NVR (DMSO-[err]): delta 3.34 (3H, s, [err]), 3.86 (3H, s,
[err]), 7.18 (1H, d, J=9Hz, aromatic Hortho to [err]), 7.30 (1H, s,
aromatic Hortho to [err]), 7.66 (1H, s, aromatic H, s, ortho to NHCO),
7.7X 41H, d, J=9Hz, aromatic 15 Hneta to [err]). EXAMPLE 29

1, 3=BY hydro- 1, 7. 8-t ri net - 2H, i.midazql 4, 5- bl qui nolin-2-ong | El This
conmpound mas1%ﬁ@§%ﬁ¥§f§%ikﬁiﬂﬁﬁ?%ﬁfé%&ﬁ#ﬁqgiﬁébggme%k??%ﬂf?‘9'L"m dazo-
5-1(2, 3-di metd s fisd PO s y! ene - ~ia%l; gz i gli nedi one, (73%
yield), mp. %Oloc.é%%éé;st al | i})zledtéf]ro%P [ rrét“?\)ylaggeﬁa?nagg)?j Anal . Cal cd:
for [err]: C 68.70; Hndl./7,cfidd. oriT ﬁi[timgb.ﬁcmﬁ-jﬁ'okt o, 1. N;
18.46.” NVR (DMSO-[err] ) delta 2.42 (3H,%£ err]), 2.55 €3H, s, [err]),
3.39 (3H, s, B [€r89) N,7.15 11.H, Rbhuni=8. BHz S7arldna#i,c 476kt Kg 16.%%rr]),
7.57 (1H, d, J=8.5Hz, aromatic Hneta to [err]), 7.86 (1H, s, aromatic H
ortho to NCO), 11.62 (¥R s/DMSP-dy): d=itwpL2-%6 (3H, s, aromatic CH,),

3.41 (3H, s, N-Cga), 7.29 (1H, 4, J=7Hz, aromatic B ortho to

CH,), 7.45 (1H, t, J=THz, aromatic E meta to CH,), 7.71 (1E,
d, J=7Hz, aromatic H para to C§3), 7.87 (1H, s, arcmatic H
ortho to NH.CO). |

10 EXAMPLE 27

i 1,3-Dihvdro-1,7-dimethv1-2H-imiéazo[4,5-b]auinolin—2-one
N H
N
S >-_-_ 0
Z N _
CH3 CH3
This compound is prepared analogous to Example 7b
from l-methyl-5-1(5-methyl-2-nitrophenvl)methylenel-2, 4~
imidazolidinedione, (46% vield), m.p. >320°C.
15 Anal. Caled. for C,,H,,N,;0.0.04H,0: C, 67.36;
U H, S.22; N, 19.63. Found: C, 67.04; H, 5.21; N, 19.64,

NMR (DMSO-dG): delta 2.46 (3H, s, aromatic C§3),
3.35 (3K, s, N-CH,}, 7.35 (1H, d, J=7Hz, aromatic H ortho to
C§3), 7.62 (1H, s, aromatic H), 7.65 (1lH, s, arcmatic H),

20 7.70 (1R, d, J=7Hz, aromatic H meta to CH,).
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e

'METHOD D.- Pr eparation of hydantoin internediate of Formula X1

and b together forma coval ent bond by reaction of substituted 15

wherein a

2-ni trobenzal dehydes of -Fornula I X (1X, 4-[err], 5-[err], 6-[err]) with a
hvdant oi n- 5- phosphonate. [ERR] (a) ' -

5-1(2, 3-Di net hyl - 6-ni trophenyl ) met hyl ene] - 2, 3-i mi dazol i di nedi oné

([err]=[err]=H [err]=[err]=[err]).- Sodium(0.41 g, 0.018 g atom was

di ssol ved in ethanol (40 nl) gngmQedixet hyl
2, 4- di oxoi m dazol i di ne-5- phosphonate (4.21 g,

18 mmol) added. After 5

m nutes, 2, 3-di net hyl $-Diiliydro-reMeahdelyydeme2hob-g, 15 mMvl) was addeéd in
one portion and the JH-dmirda =t li4,1Sed jaminoddnt-@apreat ure for 90 m nutes. The

m Xture was diluted with water

. f'iltq{ed ahnd the solid 25 washed with water

and air dried gave 71 5- N

[ (2, 3-di met hyl - 6-ni trophenyl | ene] { 2, 4- dazol i di ne- dione as a
singl e geonetrical isoner ( ﬁl cal sarrpl e prepared by
crystalllzatlonfromr@tg 293 [err]. 5 Anal .

Calcd. for [err]: GC, 58.17; H 4.24; N, 1809. Found: C, 54.97:

H 4.27,

N, 16.09. NVR (DVMSO [err]):.delta 2.20 (3H' s, [err]), 2.37 (3H; s,
[err]), 6.62 (Hﬂxiﬁcdﬁﬁﬂ%nd‘bobgai?n%d b8 alpadtPHE hydrate was

5

10

15

prepared analogous to Example 7b from 5.—'[(5-methoxy-2-nitro-
phenyl)methylene]-l-methvl-2, 4—imidazolidinedione r {(54%
vield), m.p. >310%%. |

Anal. ‘Calcd. for C12311N3020 02H20. c, 6?.77;
H, 4.85; N, 18.30, H,
o, 0.084.

0, 0.157. Found: C, 62.43; H, 4.85;
N, 18.14, H, - . |
NMR (DMSO-ds): delta 3.34 (3H, s, NC§_3), 3.8B6 (3H,
s, OCE ), 7.18 (1H, &, J=9Hz, aromatic H ortho to ocg3),'
7.30 {1¥, s, aromat:.c : ort"xo to OCH ), 7.66 ("H, s,
aromatic H, s, ortho to NHCO) , 7.71 (IH é, J-QPz, aromatic
H meta to OC_I-_!_3) . |

. EXAMPLE 29

‘1, 3-D1hvdro-—1 7,8- tr:.met‘wl 2B~
1m:.dazo[4 S-b]cmlnolz.n- -one -

This compound was prepared analogous to Example 7b
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aromatic H). 10 After standing overnight, a second crop
consisting of a 1:1 mxture of geonetrical isoners was collected fromthe
aqueous layer (0.5 g, 129%, mp. 267-270C (dec.). NWR (DVsO-[err]): delta
2.20 (B6H, s), 2.33 (3H, s); 2.37 (3H, s), 6.45 (1H, s, vinyl Htrans to
CO, p.62 (1H, 15 s, vinyl Hcis to CCO, 7.31 (1H, d, J=BHz), 7.38 (1H
d, J=8Hz), 7.73 (1H, d, J=8Hz), 7.81 (1H, d, J=8Hz). (b) 5-]

(2 Met hvl - 6- nftpmpﬁeﬁdp)ﬁeﬂhybehﬂ} Q-nittmﬁhbnxﬂimﬁthﬂﬁenad -2,4-inidazo-
([err]=[err]=[err] Eerr of

2- et hyl - 6- ni PGBBE?&PBEhyd@ ﬁn?h’ﬂ?bth@+P2 ﬂ3Qﬁcﬁxn?ﬁ%ﬁﬁ&ilﬁﬂ?ed from

| i di ng~5- phos hat car t he procedure of Method D provided the
title conpoun ghvgaﬁ ISMSQSﬁEtricaI i somer, mp. 238-[err] (dec.) in 81%

i eld. Anal. Calcd fo err 7 AN, 0. Found, . C
35/3 44, H 3660 N 16, ghna[l taick. ..5i§r4<z5b 13 3& é\l 6]87'1%0 }F lé.ch

5-[(2, 3-Diyret iyl 16~ 1iot,r opbanyk) net hsbeme} H]-$Prdyin 2, Y8 iq8 dazol i di nedi one
([err]=H;, [err] [err] =[err]=[err]).- Reaction of

2, 3-di met hyl - 6ni t r obenz¥MBePMEOWEL h: di debyd 7242 (3K, s, CH,), 2.55 (2E,

1- net hvl - 2, 4- di oxoi m dazol i di ne-5- phosphonate according to f%e procedure of
Met hod D prodeeﬁﬁghe ﬁrﬁﬁe(éﬁwpaunﬂ-€§ YiiAl3hythhi o, al=& SH2t aremetic

geonetrical isoners, gerr] |n 8896 i el d.
H ortho to CH ), =8,5Hz, aromatic H meta to

C§3), 7.86 (1H, s, aromatic H ortho to NCO), 11.62 (1H, s,

o 10 wNH).
'\/QS\\J -
EXAMPLE 30

METHOD D.- Preparation of hydantoin intermediate of
Formula XIII wherein a and b together form a
covalent bond bv reaction of substituted

15 2-nitrobenzaldehydes of Formula IX' (IX; 4-R1,
5-R2, 6-R3) with a hvdantoin-5-phosphonate.

0 g X111’ (XIII; 6-R1, 7-22, 8-33,
’//jI:j‘;>=o _ a + b = covalent bondé)
= N | :
R&

(z2) 5-{(2,3-Dimethvl-€6-nitrophenvl)methvlene]-

2,3-imidazolidinedicne (R1=R4=H,.R2=R3=CH3).- Sodium (0.41

g, 0.018 g atom) was dissolved in ethanol (40 mL) and

20 diethvl 2,4-dioxoimidazolidine-S-phosphonate (4.21 g, 18
mmol) added. After 5 minutes, ?,B-Gimethyl-s-nitro-
benzaldehyde (2.66 g, 15 mmol) was_added'in one portion and
the mixture stirred at room temperature for 90 minutes. The
mixture was diluted with water, filtered and the soliéd

25  washed with water and air dried gave

71



- 1-net hyl - 2, 4-di oxo azo

5 Anal. Calcd. for [err].0.1 [err]: C, 56.36; H,  4.81; N,
15.17, [err], 0.65. Found: .C, 56.38; H 4.87; N, 14.54, [err] of 0.16.
(d) 5-[(5-Methoxv-2-nitrophenvl)nethvl enel -

- net hyl - 2, 4- im'dazolidi nedi one ([err]=[err]=H [err] [err]; [err]=[err]).-
10 Reaction of met hoxy- 6- ni t r obenzal dehyde w th diet

| |
1- met hyl - &7kt %il%f"ﬁ‘ith& oqlrtfl%@PBP’bhb’s"tﬁfdﬁ Jesehre ottt 3138111‘!11%“% ocedur e of

Met hod D d I
b, oy L G ARTRI GAERGNaR Al 4% e T, 10T

51.99; H adaDficdl tampbe prdpatedCoyvSdrihialliz4tdn fomltheBRand®)
1- Met hvl - 5-[ (5- et hyl - 2- i trophenyl ) met hyl ene] - 2, 4-i mi dazol i di nedi onev

([err]=[ erad mip.[ @BF2P&r¢J =[err]).- React | on of

2- met hyl - 6- ni t robenzal deh; thdethyl
d’gqa#e 8% pho 4e aE(:o?%hlr?g flo prétedure of

Met hod D proyg ded t Beuhat ! q—:cqxpgqndﬁ Pgrd,aly hgglr@.; e) as a mxture of
geonetrical isonmers, mp. 1[err |n 66%'yi él Anal . Calcd. for-

[err].0.1[err]: CNM§4(9ﬁ$0-256)-Hde4t39 20 138O 7s, [caq)],, 20368(3:4Found C,
54,73; H, 4.30; N, 15.62; [err], O0.24. '?Qﬂe

5-[4,5, 6- ?H‘Fﬁb;)hoﬁyﬁﬁ A% ¢ oph SHRYENEY hy |[11E2 4. |ftHtezol i di nedi one
([err] [errimi rr]m[err] [err]=H).- Reaction of 73

10 o After standing overnight, a sec.nd crop consisting
of a 121 mixture of geometrical iscmers was collected from
the agueous laver (0.5 g, 12%), m.p._267-270°c {(dec.).

NMR (DMSO-ds); delta 2.20 (GH, £}, 2.33 (3H, ),
2.37 (38, s), 6.45 (1H, s, vinyl H trans to C=0), 6.62 (1H,

15 s, vinyl H cis to c¥0), 7.31 (1E, 4, .=eﬁz),'7.3s (1H, ¢,

J=8Hz}, 7.73 (1R, d, J=8Hz), 7.81 (1, d, J=8Hz).

{b) 5=[(2-Methvl-6-nitrophenvl)methvlene]-2,4~-

" imidazolidinedione (R1=R2=R4=H; R3=CH3).- Reaction of

2-methyl-6-nitrobenzaldehvde with diethvl 2,4-dioxoimidazo-
20 lidine-5-phosphate according to the procedure of Meéhod D
provided the title compound as a éingle.geometrical isomer,
m.p. 238-239°C (dec.) in 81% yield. o | o/
Anal. Calcd. for C, HgN,0,: ‘¢, s3.45; H, 3.67;
N, 17.00. Found: C, 53.44; H, 3.66; N, 16.92. .
25 .(c) 5- [(2 3-D1methv1-6-n1trophenyllmethvlene]-

l-methyl-z 4-1m1dazolld1nedlone (R =H R -R3=R4=CH ).-

Reaction of 2, 3-dimethv1 Gnltrobenzaldehvde with d:ethvl
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2,3, 4-trinmethoxy-6-nitrobenzal dehyde with diethyl 2,4-di oxo-
|n1dazoI|d|ne 5- phosphonat e according to procedure D provides the title
compound as a single geonetrical isonmer, mp. 206-[err] in 91%yield. 5
Anal . Calcd. for [err]: C 48.30; H 4.05; N, 13.00. Found: C, 48.38;
H 4.02; N 13.00. (g) 1-Methyl-5-[(2-nethyl-6-nitrophenyl)- :
met hvlene] - 2, 4-i m dazol i di nedione ([err]=[err]=H [err]=[err]=[err]).-
Reacti on of 2-rﬁmémﬁyfizu4*&ﬂn¥umﬂnﬁdzpdddﬂhbhsdbebhphoﬁetp according to
1- met hyl - 2, 4- di oxoi m dazol i di ne- 5- phosphonat e according to procedure D
provi des t he tthe @Wmm o Method Br provigednshei ¢altlescampspnén p. :
194-[err] in 80@6 |eI .. Anal Calcd. for [err]: C,.55.18; H 4.25; N,
16. Oé“/ Found: ‘P a;gﬁy 4$tq423§ qwmyﬁgqgg of5geometr1cal isorers, m.p.

EXAMPLE 31 MET. re I.on dazo[ 4, 5- b] qui nol i n-2-t hi ones of
Formula XIV [E%'J(E%Sog uga%%ﬁ %1 (tri 1[I uoro]rrgt'hyl )-2Hi mi dazo-
4, 5-Db] qui ol i n-2-thi on V, I rr €kl eRr .20
[St ep 1]q 1r5; Di et hyl et eAr(l‘ry‘I'—gg (-'[ae"'(‘:{'ad o>-<fg§2[ctelr$| d)?N[:‘% b%hek b Lol 56) 36

i m dazol i di nylggepegpptinyl st rd fd,uar. et hlduplagnyicl,- sealsb@nal; e4;874A
m xture of 1, 1-di nethyl met hyl. [2 f(frrryl -5- (trifl uor omet hyl ] phenyl ] car bamat e

(20 g, 60 nnnlw ahdl. 74, nzo,'o 16.

(@ 5-[ (5-Methoxv-2-nitrophenvl)methvlenel-

1-methyl-2,4-imidazolidinedione (R,=R,=H; R,=OCH

3’ 2=OCH3: Ry
10 Reaction of 3-methoxy-6-nitrobenzaldehyde with diethyl

=CH3).-

l-methyl-2,4~-dioxoimidazolidine-5-phosphonate acccrding teo
the procedure of Method D provided the.tit;e compouné as a
mixture of geometrical isomers, m.p. 257-260°C. in 93t
vield.

15 - Anal. Calcd. for C12H11N305. C, 51.99; H, 4.00;
N, 15.16. Found: C, 51,87; H, 4.01; N, 14.90. |

(e) 1l-Methvl-5~[(S5-methvl-2-nitrophenvl)-

methvlenel-2,4-imidazolidinedione (R,=Ry=H; R,=R,=CH,).-

Reaction of 2-methvl-6-nitrobenzaldehvde with diethvl

"/ 20 1l-methyl-2,4-dioxoimidazolidine-S5-phosphonate according to
procedure of Method D provided the title compound f{partial
hvdrate) as a mixture of geometrical isomer#, m.p. 261-262°¢
in 66% vield.

Anal. Calecd. for C12H11N304 0.1820: c, 5?.97;

25 H, 4.29; N, 15.97;'3 0, 0.68, Found: C, 54,73; H, 4.30;

2

N, 15.62; H20, 0.24.

(£f) 5-[4,5,6-Trimethoxy-2-nitrophenvl)methvliene]-

2.4-imicdazolidinedione (Rl-Rz-R3—OCH R4=K).- Reaction of

3'
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2-t hi ohydantoin (8.02 g, 60 -nmol), ethanol (60 nlL), water (60 nL) and
nor pholine (6 nL) was heated on a steam bath. After 90 mnutes, the m xture
was cool ed, allowed to stand overnight and the precipitate filtered off and
dried in vacuo 5 to afford 1,1-dinethylethyl[2- [5-0x0-2-thioxo-4-imdazo-
I [ di nyI [ dene) met hyl ] -5-(trifluoronet hyI ] pheny] carbamate (20.65 g, 779,

g; decghAnaI Calcd. for [err]: 49.60; H, 4.16; N, 10.85;
s 8 2% 3 esihi e ehoxy i trobgnagldehyde W}théiet?vl7296-dsﬁ%ﬂr 2. 5- [
[ 2- Am 0 en e 0%0- 4-i m dazol i di none. -
Trifl u%?lo%cz(gtll ggggl %l%JOBH#leQ\?VaSX%%oJ éé%tgc])\ék ﬁ\ﬁo%uér"teyeo?S )
1,1- dlp&ﬂ&ﬁde@thyb[Qx{Ié}compound as a single geometrical .isomer, o
0x0- 2-t hi oxa- 4-i nidazol i di nyl i dene) met hyl]-5-(trofluoro- 15°
met hy |} gherdPécaPBafatin 18 yiedd. nmol) and anisole (36 g, 0.3 nole). Wen

solution occurred th olve S rated and the residue crystallized
froma m xture a tha ﬁtwéllszm%od%mro?o??n:‘(olegl m‘i)o?‘o gi ve

5-[[ 2-@m0004- (pgﬁgéuor@nﬁghybi pﬁlewldﬁekhyhgnﬁ 2-t hi oxo-4-im dazol i di n-
20 one (9 85 g, 73%, mp. [err ‘Anal . ‘cal’cd or [err]: C, 45.99; H,

2.81; N, 14.63. (gbuntkMeEhvd6500f2+hethBE6- hl;.t:ﬂ.élpl’ﬁe‘hvlSt-e 3.

1, 3-Di hydr o- 6- gtrlfluororrethvl)-ZI—l- i m dazo[ 4, 5-b] qui'nolin-2-thione.- A
nlxturﬂﬁihyhgnp 22, 4rimidazolidinedione (R —RZ-H R3-R =CH,) .-

AT 10~ 41 BT DI RR UL LB I RG22 L e

10 l-methyl-Z,4-dioxoimidazolidinerS-phosphonate accordlng to

procedure D provides the title compound as a mixture of -
geometrical isomers, m.p. 194-197°%. in 80% yiéld;
Aral. Calcd. for CioH N 394 C. 55.18; H, 4.25;
N, 16.09. Found: C, 54.94; H, 4.24; N, 15,82,
15 . : EXAMPLE 31

METHOD E -~ Preparation imidazo({4,S-blguinolin-2-thiones of
Formula XIV -

(a) 1;34Dihydro-6-(trifluorqmethyl)-ZH-imidazo-

{4,5-bJquinolin-2-thione (XIV, R, = 6-CF,, Ry=R,=R,=H).-

3
20 Step 1. _1,1-Dimethylethyl - [2-[(5-oxo-2-thioxo-4~

1r1dazolzd1nvlldene)me;;yll 5-(tr;fluc*omethvllphenle-

carbamate.- A mixture of l,l-dimethyi::hyl[2-formyl-5-_

(trifluoromethyl]}phenyl]carbamate (20 g, 60 mmol) énd
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I m dazolidinone (3.63 g, 12 mml ), pyridiniumtosylate (1.8 g), and

di phenyl ether (5.4 g) was heated at [err] under an atnosphere of argon.
After 18 mnutes, the mxture 75 was cool ed, chloroform (60 L) added
and the m xture refluxed. After 30 minutes the solid was filtered off and
di ssolved in a m xture of water (80 nlL) and 10% sodi um hydr oxi de sol ution
(5 m) with warm ng. Addition of acetic 5 acid afforded a heavy _
preC|p|tate which. was filtered off, washed with water and dried in vacuo to
give 1, 3-di hydré- Gh&?hY¢4nRﬂﬂ§néﬁh9?)génﬁq AaaY e TUPQFQB]QQPrmﬂhrnNaZEFhrone '

&11296%“’5§Z%nquBcﬂfﬁ mqﬁpkglige ﬁ?nﬁg Le%?%.ed on a stedm %a‘% 25. 10

1, 3-Di hydr o- 7, 8a¢k @Bt | mHheiad d@ﬁ@[rﬁx:&mﬂ']eQUhgoééé‘l‘edz LRhowes (08 ¥eane
[err] [err] =H, [err]=7-[err], ferr] =8-[err]).- Prepared according to Method

E by substituti mgeZnightcaris G:hdr pe¢dipitarenfal tetndieofifoand dried in vacuo

Examl o 3%2 %'f' 43 SREa Y, UoRndB AR ulA (IeBChbaduabay o litaRenalr ] '10” o of
2,3-Di 6

complex (6. 6 g - TiEPEHEH ARGy f52 ﬂahty’*&ggfﬁér‘%ﬁ%“?%%&‘nﬂ‘@m%ga Rshed
dropwise to a (20.65 g, 77%), m.p. 216°C (dec.).

Anal. Calcd. for CISHIG 3N303s C, 49.60;
H, 4.16; N, 10.85; S, B.27. Found: C, 49.56; H, 4.10;
N 10 N, 10.92; S, 7.96.

Step 2. 5-[[2-Amino=-4-(trifluormethvl)phenvll-

methvlene-2-thioxo-4-imidazolidincne.- Triflucroacetic acid

{90 mL) was added to a'mixture of 1,l-dimethvlethvl{2-[(5~
.oxoez-thioxo-4-imidazolidinylidene)methyl]-5-(trofluoro-
15 methyl]phenylcarbamaﬁe (18 g, 46 mmol) and anisole (36 g,
0.3 mole}). When solution occurred, the solvent was
evaporated and the residue crystallized from a mixture of
ethanol {65 mL) and chloroform (135 mL) to give S5-[[2-amino-
4-(trifluoroﬁethyl)phenyl]methyleneez-thioxo-4-imidazolidin-
w 20 one (9.85 g, 73%), m.p. 240°C. ”
Anal. Calcd. for C;,H,gF3N08: C, 45.99;
H, 2.81; N, 14.63. Found: C, 46.00; H, 2.81; N, 14,54,

Step 3. 1,3-Dihvdro-6-(trifluoromethvl)-2H~-

imidazo(4,5-bJouinolin-2-thione.- A mixture of 5-[{[2~

25 amino-4e(trifluoromethyl)phenyllmethylene]62-thioxo-4-
imidazolidinone (3.63 g, 12 mmol), pyridinium tosylate
(1.8 g), and diphenyl ether (5.4 g) was heated at 180°C

under an atmosphere of argon. After 18 minutes, the mixture
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stirred solution of 2,3-dinethyl-6-nitrobenzonitrile (96 g, 0.55 nole) in
dry tetrahydrofuran (650 nlL) numintai ned under an at nosphere of argon. After
stirring overnight, 10% hydrochloric acid solution (1300 nm.) was added
dropwi se and 25 the m xture heated to reflux. After 30 m nutes, the
tetra- hydrofuran was distilled off, the residue filtered to renove

I nsol uble material and the filtrate made basic with concen- trated anmoni um
hydr%lsd%o%qlelat | @R1638%c¥h) (66NRLY XbHLE {8a FhdaRL AL ACt ed with diethyl
ether (2 x 50 nL), t he conbi ned extracts washed with water (2 x 400 m),
drue&emwmquqtaazmuw1earh@aatesaadeceereatﬁaéeﬂ;ieetﬁécuxk and s

2, 3-di net hyl - 6-ni trobenzyl amine (93.85 g, 95% as an oil 5 used wi thout
furt@msqumeﬁuaatmomlagutslbéwwatsrepsg mL) and 10% sodium

2, 3-Di met hyl - 6- ni:trobenzenenet hanol . - Sodiumnitrite (36.5 g, 0.53 nole) in
vat e MﬁEE?HﬁS ?ﬂ&§té&&ed5dﬂébmﬁééhtHaﬁméﬂgrreﬂdﬂii%QﬁepfﬁaCEtlc

o7 SR P e e 10 ™
addl Uhed WAL Yhtee WAS SRkl 9hcdd | nu#gsg warmed to room

tenperature and stirred to a es before being diluted with

wat ery , 3LQ3Gylrb~6the riipthukremaafyexoaciRdank b a dé o QL i@thane (3 x 500
m.), t'ne conmbi ned 15 extracts dried gver nagne5|un1sulfate and

conc+didice@ t(d,79 g, 52%), m.p. >320 C.
Anal. Cz.zd. for C11H6F3N3S C, 49.07; H, 2.25;

10 N 15.61. Found: C, 48.92; H, 2.23; N, 15.58. S
(b) 1,3-Dihydro-7,8-dimethyl-2H-imidazo({4,5-bJauinolin-
2-thione (XIV, R;=R, 2:7-cn3, Ry=8-CH,4) .~ Prepared

a¢cording to Method E by substituting 2-amino-5, 6~-dimethyl~

=H, R

benzaldehvde for 2-amino-4- trlfluoroberzaldehyde as
15 described above in preparatlon of Example 3T(a).

EXAMPLE 32

2,3—bimethyl46—hitrcbénzaldehyde

. Sﬁggﬁi; :2,3€Dimethvl;6-nitrobenzvlamine.- A
solution of borane-tetrahvdrofuran compléx (94.6 g, 1.1 y
20 mole) in tetrahydrofuran (1100 mL) was added dropwise to a |
stirred solution of 2,3-dimethyl-6-nitrobenzonitrile (96 g,
0.55 mole) in dr? tetxahyarofuran {650 mL) maintained under
an atmospheie of argon. After.stirring_overnight, 10%
hydrochloriq acid solution (1300 mL) was added.dropwise-and
25 the mixture heated to reflux. After 30 minutes; the tetra-
hydrofuran was distilled off,_the residue filtered to remove
" insoluble material and the filtrate made basic with conceﬁé'

trated ammonium hydroxide solution (350 mL). The mixture
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afford an oil which was dissolved in nmethanol (400 nmL). 1N Sodi um

hydr oxi de sol ution (400 nL) was added dropw se over 20 m nutes. The

nmet hanol was renoved under reduced pressure, and the residue diluted with
water (1200 nlL) and 20 extracted with dichl oronethane (3 x 700 nL). The
conbi'ned extracts were dried over magnesium sul fate and the sol vent
evaperated to afford 2, 3-di net hyl -6-nitrobenzyl alcohol (59.3 g, 93% as
brown solid uwed extseeped wékbwddethplitether he2 »pUHIK imfat,i ahe Aombined
anal ytical sanple was prepared, by 25 crystallization from hexane/di ethyl
ether, mp. 48¥FERFFS XAghed waFRdwater [&r¥]400 @Llsg dggedyoveri2; N, 7..73.
Found,_C, 59.72. _H_.6.14: 1,67, 77  Step 3. e

2. 3. D et hyl - BORPEFBEnSAFRRRONE and canpeRTaRfeg to afford

2, 3-di net hyl - - BLiak 0 : . 88; I Ny .

di chl or onet ha%éa( %g@g@%@mggﬁ%ggggé?%ég %?Jl"?? egg%ﬁgist [ﬁ?’e@c?f%)pfrsi |nn|°ﬁ'r]h

chl orochr ograt @sef2wi tlou®. 288tRer"pheificadish| £4 ofptRe (250 nl). The
m xture was stirred vigorously for 4 hours, diluted with diethyl ether (500
m.) and the organi c | ayStege@ant 2¢3-Dithetlieb+Ehrel tvsbamrainetheninanodi, ot hyl

et her (500 nmL) and the conbined organic solution filtered through a plug of
silica gel (6SofimminityiteQ (36yBpdrsaliddh mPlehcinoraten @ARBomdddwas

2, 3-di met hyl - 6-ni t.rq- benzaldehgde (32.08 g, 93%._ An analytical sanple was
added dropwise to stirred mixture of 2,3-dimethyl-6-nitro-

benzylamine (63.5 g, 0.35 mole), acetic acid (165 mL) and
10 water (165 mL) cooled in ar ice bath. After completing the
addition, the mixture was stirred fér 10 minutes, warmed to
room tempefature and stirred to a further 10 minﬁtes befcre
being diluted with water (1000 mL). The mixture was
extracted with dichloromethane (3 x 500 mL)}, the ccmbingd
15 extracts dried over magnesium sulfate andlccncentrated to
afford an oil which was dissolved in methanol (400 mL). 1IN
Sodium hvdroxide solution (400 mL) was added dropwise over
20 minutes, The methancl was removed under reduced
pressure, and the residue dilufed with water (1200 mL) and
\/ 20 extracted with dithoromethape {3 x 700 mL). The combined
extracts wefe dried over magnesium sulfate and the solvent
evaporated to afford 2,3-dimethyl-6-nitrobenzyvl alcohol
(59.3 Q, 93%) és'brown solid used in Step 3 bélow without
further purification. An analytical sample was prepared bv
25 crystallization from hexane/diethvl ether, m.p. 48-51°C.
| Anal. Caled. for CgH,,NO,: C, 59;66;.3, 6.12;

9
N, 7.73. Found: C, 59.72; H, 6.14; N, 7.67.
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prepared by crystallizing fromdiisopropyl ether and had mp. 66-[err].
Anal. Calcd. for [err]:  C, 60.33; H 5.06; 15 N, 7.82. Found: C,

60.19; H, 5.27; N, 8.27. EXAMPLE 33 5- (6-Am no-2, 3-di et hyl ) phenyl) -

met hyl] -2, 4-imdazolidinedi one '

5-[(2, 3-Di net hyl - 6- nltrophenyl)nethylenel 2,4- 20 imdazolidinedione (2.40
g, 9:2 mol) i 40 nL s _hydrogenat ed, over 10%

pal | adi um on & Q‘ 5 ; ga RZ3pSF Vs

: rdr ogenat i on
app éﬁ&@ o{f&?rﬁve

1 R Sy 6T %z\é@ém&%ﬁéﬁd (s gyop 1 nf usor i al
eart

nt evaporate |n vacuo at Ive the 25 e

preve omi m&iﬂclﬂsaﬁc{r@me&ﬁhﬂu&ﬂ[ 4 awagOadada to a
di met hyl phenyl ) met hyl ] - 2,-4-i mi dazol i di nedi one as a parti al hydrate (2.04 g,

100%t i evse & hredst tves | if pyqldﬂhmuﬂ chl®rochhoabte C8kcd. of,00.pesr].0.3 [err]:
C, 60.76; H 6.60; N, 17.35; 3& rr], 2.82. Found: C, 60.39; H, 6.59; N,
;7 emalqbrxq d;pu&prqge@qug 50 mL). The mixture was stirred

1- Met hyl - 5-[( 2- ami np- 6- net hy], ph I nethyl] 2,.4-i mdazol i di nedi one
Pr ep&F ERFPRDH 1=Meth °‘5f-°p(zh&é&tﬁ3‘|y ‘%fﬁ. gigthyl ether (500 mL)

and the organic layer decanted The residue was washed with
diethvl ether (500 mL) and_the combined organic solution
filtered through a pluglostilic;_gel (6" x 1-1/2").
10 Evaporation of fhé éoi?ént afforded 2,3~dimethyl-6-nitro- = \ifwg
benzaldehyde'(32.08.g, 93%). An analytical sample was o
prepared by crystallizing frﬁm diisoprcpyl ether and had
m.p. 66-68°C. | |
Anal. Caled. for CgHgNO,: C, 60.33; H, 5.06;
15 N, 7.82. Found: C, 60.19; H, 5.27; N, 8.27.
| EXAMPLE 33

S~({(6-Amino-~-2,3~-dimethyvl) phenyl) -
methvl]-2,4-imidazolidinedicne

5-[(2,3-Dimethyl-6-nitrophenyl)methylene]~2,4-
20 imidazolidinedione (2.40 g, é;z‘mmol) in dimethylformaﬁide_ - o v
(40 mL) was hydrogenated over 10% pallaéium.on charceal
(0.24 g) at 60 p.s.i.in aParr hydrogeration appaz.:atus.l After
18 hours, the mixture was filtered thrcough infuscrial eafth
and the solvent evaporated in ggggg at 40°C to give :he
25 previously édisclosed (EXamplé 19-7) 5-[(6-amino-2,3—
dimethylphenyl)methyl]-2,4-imidazolidinedione as a paitial

hydrate (2.04 g, 100%), as khaki solid, m.p. >360°C.
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phenyl ) met hyl ene].- 2, 4-i mi dazol i di nedi one according to the procedure of
Exanmpl ¢ 19. 10 EXAMPLE 35
7,8-Dinmethyl -1, 3,9,9a-tetrahydro- 2H i m dazo-[4,5-b] uinolin-2-one [ERR] A
m xture of 5-[(6-am no-2, 3-di methvl phenyl]- methyl]-2,4-im dazolidi nedi one
(2. 5\2/9, 10 mmol ), 15. [err] t ol uenesul fonic acid (0.25 g) and net hanol (50
m.) Was refluxed under 2ha At Mesphey e y & %gp lo 1 ohguk:. oThecn1gbu5ﬁ
cooled and a grey solid fittered off and dis3d ved i n 10% hydrogen’c Iorlde
in nmethanol vitheweommg. 1AB i ,0f2 . @her rafnar:ded,t 6 .39eVHQUEL §9;
di scl osed 20 7,8-dinethyl-1,3,9,a-tetrahydro-2H i m dazo[ 4, 5- b] qui nol i n-
2- on&_( Exanpl ¥, 202761 asHiPe 2w2k.ochl ori de (1 68 g, 87%, mp. [err]. Anal.
Calcd. for [err].HO: C, 57.26; H 5.61; N, 16 70. Found: C, 56.92; H,
5.48; N, 16.44. 79 NNR(DNSO[err])FXPa‘éﬂftFa .20 (3H s, [err]), 2.27
(3H s, r]), 2.80 (1H, | | 3 H, dd, J=14Hz,

=8Hz . be‘-{]zylic H, 4.8 P2-gn é@ﬁ%& 7,18 (LH d,
J 9Hz, aromatic H), 7.31 22 (2H, s,

NH) . Prepared from l1-methyl=5~[ (2-methvl-6-nitro~-

phenyvl)methvlene]~2, 4-1m1dazolld1nedlone accordﬂnq to the

procedure of Example 19.

10 EXAMPLE 35
\‘;' ‘ 7,8-Dimethyl-1,3,9,9a-tetrahydro-
NS 2H-imidazo-[4,5-blaguinolin-2-one

H
~ B N
=
N
CH3 H
CH

A mixture of 5-[(6-amino~2,3~-dimethviphenvl}-
methvl]-2,4-imidazolidinedione (2.52 g, 10 mmol),

15 p-toluenesulfonic acid (0.25 g) and methanol (50 mL) was
refluxed under an atmosphere of argen for 1 hour. The
mixture was cooled and a grey solid filtered off and
dissolved in 10% hydrogen chloride in methanol with warming.
Addition of ether afforded the previouslv disclosed.

20 7,8-dimethyl-1,3,9,%a-tetrahydro-2B~-imidazo{4,5-blquinolin-
‘2-one (Example 20-7) as the hydrochloride (1.68 g, 87%),
m.p. >230°C.

Anal. Caled. for C,,H,.N,0.HCl: C, 57.26;

12713%3
H, 5.61; N, 16.70. Found: C, 56.92; H, 5.48; N, 16.44.
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EXAMPLE 36 1, 3,9, 9a- Tetrahydro-1, 8-di nethyl - 2H i m dazo [4, 5-Db]

ui nolin-2-one [ERR] Prepared from 1-nethyl-5-[(2-am no-6-nethvl- 10

phenyl ) net hyl ] -2, 4-i m dazol i di ne according to the procedure of Exanple 20,
m p. 340-345C (dec.). Anal. Calcd. for J[err].HO: C, 57.27; H 5.61; N
16.70. Found: C, 57.47; H, 5.55; N, 16.64. EXAMPLE 37 15

1, 3- Di hydro- 7, 8-di et hyl - 2H-i'ifi dazo[ 4, 5- b] qui nol i n- 2- one [ ERR]

5-[(2, 3- D net hyiM®- moRsoaheny |deiay 2] -(3a4- si,mctqzgl edenedippe (19.95 g,
7 mmol) in [err] (350 niL) s hydrogenat ed over 10%pal | adi um on char coal
80 s(XH)) at2680plHHi . tinT=l4kas Hepdydgenddi,on .agpdiadtusd, After hydiggen
upt ake ceased, the mxture was filtered through kiesel gehr and the sol vent

evaporal &8zt oI | e8ier Py allch 4vdd slddpefded =4 4H2H 1 dXFBHZnet hanol (1

L). [odi 19. 4 7 . added tionw 5 ni nut dth
st - O £ ufeh® POV e Fete BErAL e By doriderioFat B¢ PROVAGUO t o about
Il(gﬁomrr%ze?ﬁ?égéu%{;)&v\gfsg Z%Ie?ﬂ't t’g'os&ﬁ)ffat e (_21.. g) ahd §0d| um car bonate (11 g).

EXAMPLE 36

1.3,9,9&-Tetrahydro#1,8-diﬁethy1b
2H-imidazo[4,5-blgquineclin-2-one

Prepared from l-methfl-s-[(Z-amino—s—methyl-
10 Pphenvl)methyl]l-2,4~imidazolidine according to the procedure
of Example 20, m.p. 340-345°C (dec.).
Anal, Calcd. for C12813N30.HC1: C, 57.27;
H, 5.61; N, 16.70. Found: C, 57.47; H, 5.55; N, 16.64.

EXAMPLE 37

15 1,3-Dihvdro~7,8-dimethyl-2H~imidazo[4,5-blauinolin=-2-one

5-[(2,3-Dimethyl-G-nitrppheny1)methylene]42}f;

imidazolidinedione (19.95 g, 7* mmol) in dimethylform;.'fe

(350 mL) was hyvdrogenated over 0% palladium'on charcoal
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W tth vigorous stirring to afford a beige precipitate which 10 was

coftl ected, washed with water and dried in air to give 15.7 g. This was
conmbined with crude material from experinments perforned on 40 g and 4.16 g
of starting material, suspended in hot [err] water, filtered, suspended in
refluxing nmethanol and filtered. Crystallization from 15 dinethyl acetan de
af¥orded 1, 3-di hydro-7, 8-di methyl -2H im dazo[ 4, 5-b] qui nolin-2-one (53.4 g,
65%, mp. APesﬁ]atAﬁalp schkc@n Fo?afErhydr01§n§ﬁ1Qﬂaanﬂana:ys NAfter71.

Found: C, 6 . H 5.20: N, 19. 1 NVR (DVMSO-[err] delta 2.41 (3H, s,
[err]) 2. 48Y §ng§ouP§a’FeFPrie 7. §1e (hiKtyre jeagfilrerad jthrgugh 7 55
14, .,d, d 1 EXANBEL

g [(5 Ethoxﬁéfsg&gggkhgﬁy? i ﬁzfg%%f g% §9r5{%é$§%9%§%gﬁlone W§lCh

Reacti on of w% Nishls ﬁaeahﬁmybeﬁakﬂﬂ YHetMbAS | ol i digQge
according to Eshe prggcedure of Met hod &C tExarrp emlgﬁzpror\%d}%gzt hg ?ltle

conpound 5as 7&# mgl)ewgeoaaaélicgbrtsmise NoPer 28 mimitds dnd Th¥ yi el d.
Anal. Calcd. for [err]: C, 51.99; H 4.00; N, 15.16. Found: C, 51.78;
H 4.05; N, miktafe EXAVRKEA3§08B- |fSmihuties e foheib® iy midra@ntrated in
vacuo to about 100 mL. A solution of sodium thiosulfate (21
g} and sodium carbonate (11 g) in water (300 mL) was adéed
with vigorous stirring to afford a beige precipitate which
16 was collected, washed with water and dried in air to give
~7 15.7 g. This was combined with crude material from
experiments performed on 40 g and 4.16 g of starting
material, suspended in hot (80°C) water, filtered, suspended
in refluxing methanol and filtered. Crystallization from
15 dimethylacetamide afforded 1,3-dihydro-7,8-dimethyl-2KE-
imidazo[4,5-blquinolin-2-one (53.4 g, 65%), m.p. >300°C.
Anal. Calcd. for C12H11V3O. c, 67.59; H, 5,20;
N, 19.71. Found: C, 67.28; H, 5.20; N, 19.51.
NMR (DMSO-ds): delta 2.41 (3H, s, CH3), 2.48 (3H,
W, 20 s, CHy), 7.31 (1H, 4, J=8Hz, aromatic H), 7.55 (1H, 4,
J=8Hz, aromatic H) and 7.61 (1H, s, aromatic H).

EXAMPLE 38

. 5=[(5-Ethoxy-2-nitrophenyl)methylene]-
2,4-imidazolidinedione

25 Reaction of 2-nitro-5~ethoxybenzaldehyde with
imidazolidine~2-dione according to the procedure of Method C
(Example 18) provided the title compound as a single

geometrical isomer, m.p. 243~245°C. in 51% yield.
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5

.2-nitro-5-(1-net hyl et hoxy) - 2- benz-

met hyl ene] - 2, 4-i mi dazol i di nedi one Reaction of

al dehyde according to the procedure of

Met hod C (Exanple 18) provided the title conmpound as a single geonetrical

i somer,
[err]:

mp. 223-[err] in 69@6yie|d. 10 Anal . Calcd. for

. C, 53.61; H 4.50; "N, 14.43. Found: C, 53.55; H, 4.43; N, 14.25.
EXAMPLE 40 1, 3-Di

! conmpound (prév;ou dlsc?%gggy5§¥i§12€l3nﬁ$£'5§p7§¥&ééy %épér gEEFngBLS

to Exangl e1821600MFBunk: C, 51.78; H, 4.05; N

(5- et hoxy- 2-ni t r ophenyl ) met hyl ene] - 2, 4- |n1dazo1|d|ned"one (43%, mp.
>320C. Anal. Calcd. for [err]: 5fhpﬁ2;8$9 H. 4.84; N, 18.33. Found: C,
62.68; H, 4.92: N, 18.16. 20 NVR (DVBO-[err]): delta 1.36 (3H,

t, J=THz, [err] ), 4.

ar on®t i

7.26 (1H, s, aronatic H ort
to CEt).

10

15

20

Vethy Lethoty D72 ikt ak

c Hortho to
Q (1H

82  EXERREEIRR ¢ 12EPthﬂy$e{hy@e$E¥#%ﬁhﬁﬁYh;2'ben=--
aldehyde according to the procedure of Method C (Example 18)
provided the title compound as a éinqle geometrical isomer,
m.p. 223-230°C. in 69% yield. |

Anal., Calcd. for C13H13N305 C, 53.61; H, 4.50;
N, 14.43. Found: C, 53.55; H, 4.43; N, 14.25.

EXAMPLE 40

1,3-Dihvdro-7-ethoxv-ZH-imidazo[4,5-b]ouinolin-2-one.
Nk
>:o
Ve =N
R

This compound (previously disclosed as

Example 15-7) was prepared analogous to'Example 12 from

5-[(5-ethoxy-2-nitrophenyl)methyvlene]-2,4~-imidazolidinedione

(43%), m.p. >320°C.
Anal. Calcd. for C12H11N3O2 lC, 62.88; H, 4.84;
N, 18.33. Found: €, 62.68; H, 4.92; N, 18.16.

NMR (DMSO-dG): delta 1.36 (3H, t, J=7Hz, OCH CH3),

2
4.04 (2H, q, OCH,CH,), 6.97 (1H, dd, J=9Hz, J'=2.6Hz,
aromatic H ortho to OEt), 7.08 (1H, d, J=2.6Hz, aromatic H
ortho to OEt}, 7.26 (1H, s, aromatic H ortho to.NCO),‘7;64'

(1, @, J=9Hz, aromatic H meta to OEt).
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(trifluoronethyl)phenyl]carbamate (a)

1, 1-Dinethylethyl-[5-(trifluoronmethyl)- 5 phenyl ] carbamate .- A m xture
of 3-am nobenzotrifluoride (16 g, 0.1 nole) and di-tert-butyldicarbonate
(32.9, 0.15 nole) and tetrahydrofuran (THF) (25 nlL) was stirred at room
tenperature for 90 mnutes and then heat at reflux for 90 m nutes. The

m xture was diluted wwth water (10 nL), 10 allowed to stand overni ght and
concentrated in vacuo. The residuegyag g#s oI ved in hexane (100 ni) at
reflux, treated with activated carbon ? tered and cooled to [err] for 16
hours. Filtration afforded11145mgmylnytmhytz.[f5.my1 5.

(t ri#1 uor onet hyl ) phenyl ] catbafmxca:oggisvB!@gﬂxﬂl]dacbaxﬁmraI 15 runé) m p.
75-[err]. Anal. Calcd. for _[err]: 5.40; N, 5,36. Found:
C, 55.13; H, 5.45; N, ®)331:} 1?Rmethyl##mé%'h(ﬁ-clftmflvmqmﬁw’Jfs (trifluoro-

'IrrE}:hzllz)Zp nygl ;!g{{‘vf’fﬂ‘ pane tel 32 B%Bﬁ! t‘.\géu |§_ea$1 F)u zotr:. utzagn.dsm ution in .

1, 1-di et hyl gt by, [é-1t rmlofllavoamlhyele}ehswual&%ba%@ (322 &} 6.140 mol e)
in dry THF (40 rrL) mai ntai ned at [err] under an atnosphere of argon. After

40 minutes, MebeXiarst heitkehydnefisranl (TBFhi (25 hlinwke) sviasredddedreoml t he 25
m xture stlrred at [err] for 10 mnutes _before beina diJuted wth diethyl

ether (30 nLFemR$EATHES GPE ARASIEERS208 t e RratetF e £8Fuif on (30 nb)
and Saturategl§£@géqn(¥y Oﬁkgghégswas diluted with water (10 mL),

10 allowed to stand overnight and concentrated in vacuo. The

o

. residue was dissolved in hexane (100 mL) at reflux, treated
“~

with activated carboh, filtered and cooled to 0°C for 16
hours. Filtration afforded 1,l1-dimethvliethyl-[5~ _
(trifluoromethyl) phenyl]carbamateé (75-80% yield on several
15 ruﬁs), m.p. 75-76°C. _ |
' Anal. cCalcd. for c12314r3no C, 55.17; H, 5.40;
N, 5,36. Found: C, S5. l’- H, 5.45; N, 5.33,

(b} 1,l-Dimethvlethvl~[2-formvl~-5-{(triflucrec~

methvl) phenvl]carbamate.~ s-Butyllithium 15 mL of a 1.45M

20 solution in THF (22 mmole) was added dropwise to a stirred
solution of 1,l-dimethylethyl-[S~trifluoromethyl)phenvl]~
carbamate (2.61 g, 10 mmole) in drv THF (40 mL) maintained
at -40°C under an atmosphere of argon. After 40 minutes,
N,N-dimethylformamidg {1.15 mL, 15 mmole) was added andéd the

25 mixture stirred at -40°C for 10 minutes before being diluted
with diethvl ether (30 mL). The mixture was washed with 10%

acetic acid solution (30 mL) and saturated sodium chloride
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|

|

solution (30 nL), dried over magnesi um sul fate and concen- trated in vacuo.
The resi due was chronmat ographed on a columm of silica using a m xture of
hexane and ethyl acetate (95:5) as eluent to afford 1,1-dinmethylethyl-[2- 5
formyl -5-(trifluoronethyl)phenyl]carbamate, yield 70-84% Anal. Calcd. for
[err]: C, 53.98; H, 4.87; N, 4.84. Found: C, 53.67; H 4.87; N, 4.85
~“EXAMPLE 4% Di_et hyl 1-Nﬁ;h | - 2,.4-di oxoi m dazol i di ne-5- phosphonate 10

A i xt uF8L8E1PnE ARy Mhir g9 PR JPKET JmaTRE S (Sbfake) and Faucesnd gl aci al

acetic ' | 1, eat t in.an_oil _bath. An addition funnel was
charged%%%gﬁgbkk W@Eg 311Egeg?e§86&%iya .%é??ﬂa%ﬁﬁf3P§? 19" &ount of N\ J
brom necpitimadeeed 1Rk LBengeaChE QBuRbXbHK d & } 55l Rtlgn of the
or ange (c::ol or, the Ftemai'nderngf t he b‘rlom"ne }\?\eh,éﬂa%?énﬁgzrtok?v& ?ecggatguch a
rate thapsi:63t ast edaeakorbzaffopdol sl+d ety Iothynp@-et i ng the addition

the m xture was stirred at [err] for 60 mnutes, cooled to roomtenperature

and 5st i fpraydvsrritghfluoTheesbil) phanyl] easbatetalecaislatl Ta-Bu%a white
precipitate, concentrated in_vacuo and the reésidue conbined with the
precipitate and sA88dndeBailRddi E0FyF; el ngf ¥ @ppr ki it A8s A,) 4. Biset hyl

phosphite (2 g, »320 . .m, 1. V added portjonwise with stirring. An
exotherh?c&rBQCtigﬁ“@ﬁ$ue8’mng%7§g€'c n??ol*ed‘vﬁ%h tap 25 water cooling
of the reaction vessel. A solutkgﬁmﬁﬁéukEed

Diethyl 1¥Methv1-2,4-dioxoimidazolidine-sfphosphonate

10 A mixture of l-methylimidazolidine-2,4-dione W

(202.5 g, 1.8 M) and glacial acetic acid (1L) was heated to
90°C in an oil béth, An addition funnel was charged with
bromine (311.5 é, 100 mL, 1.95 M) and a small amount of
bromine iﬁtroduced into the reaction mixture. After

15 dissipagion of the orange color, the remainder of the
bromine was added dropwise ét.such a rate that instant -
der-lorization_occurred. After completing the addition, the
mix-ure was stirred at 90°C for 60 minutes, cooléd3to room
temperature and stirred overnight. The acetic acid was

20 decanted from a white precipitate, concentrated ig'géggg and
the residue combined with the precipitate and suspendea in
diethyl ether (approximately 2L). Triethyl phosphite
(295 g, 320 mL, 1.8 M) was added portioﬁwisé.with'stir:ing.
An exothermic reactionlensued which was controlled wiﬁh tap

25 water cooling of the'reaction'veésel. A solution resulted
which, on continued stirring, yielded a white precipitate.
After standing for 60 minutes the mixture was poured into

diethyl ether (4L) and allowed to stand overnight.
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whi,ch, on continued stirring, yielded a white precipitate. After standing
for 60 mnutes the mxture was poured into diethyl ether (4L) and all owed
to stand overnight. 84 Filtration afforded

di et hyl - 2- net hyl - 2, 4- di oxoi m dazol i - di ne-5-phosphonate (331.7 g, 75%,
m-p.; 95-[err]. An analytical sanple crystallized fromMOH[err] had mp.
95?férr]. S5riltration affilarded GiethyY-2-netthyjl~2,G-dxblimikdaz6104; N,
11.20. Found: 38.22; H, 6.07; N, _11.04. The follow ng 5-phosphonate
hydant oi n i Adee=5melipapbongta a3 s 2w eth Bnal®mgoudAyr My Gubdni t uting the
appropriate i mdazolidine-2,4-dione for l-pethylimdazoli- 10

di e, 2, 4- di BRBIVEIFAL 5BBF epFB%%B‘?&’e’:z?ﬂl AR MeoH /E¥0 had m.p.
Z,ZT/ioxoinigaggbkdine-5-phosphonate, mp. 161-[err] crystallized from

et hanol , di & hy ‘et hyl - 2, 4- di oxoi mi dazol i di ne-5-phos- phonate, 15

di et hyl &-propyl -2, 4- di,Q%0i n} | i g honat et hyl .

1-i sopro%yl -2, 4-di oxgbgnédagglg?é?he%%‘ecpga h@hz)%rﬁaltj'e, Qg'l 3%’3_’]1' ! 6.04;

1- butyl - 2, 4ndi @4Gioni,dagFekindinesd: 220 apheosphonat ea1.04.

The following S-phosphonate hydantoin inter-
mediates can be prepared analogously by substituting the
appropriate imidazolidine~2,4~dione for l-methylimidazoli-

10 dine-2,4~dione in the above procedure:
\«1\5 . diethyl 2,4-dioxoimidazolidine-S~phcsphonate, m.p.
161-163°% crvstallized from ethanol,

diethyl l-ethyl-2,4-dioxoimidazolidine-S~-phos~

phonate,
15 diethyl 1l-propyl-2,4-difoxoimidazolidine-5-phes-
phonate,
diethyl l-isopropyvl-2,4-dioxoimidazolidine-5-
phosphonate,

diethyl l-butyl-2,4-dioxcimidazolidine-5-
- 20 phosphonate,
diethyl l-iso-butyl-2,4-dioxoimidazolidine-5-
phosphonate,
; diethvl l-tért-butyl-z,4-dioxcimidazolidine-5—

phosphonate.
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ﬂﬂﬂLeLhy+*ifT§6~EGF§I 2, 4- di oxoi m dazol i di ne- 5- phospﬁonate, di.et hyl

1 tert but d|0x0|n1dazolld|ne 5- phosphonate. 85 CLAIMS 1. A
ﬁu ﬁ ormula [ERR] wherein [err] i s hal ogen, |ower alkyl
{1 fluoromethyl; 5 [err] I s hydrogen, hal ogen,
Ibmér aIka | ower al koxy; [err] i s hydrogen, hal ogen, |ower alkyl, |ower
* al koxy; |err! . 1s hydrogen, lower alkyl 10 or .a pharmaceutically
accept a t thereof. 2. The conmpound of claim1l of the fornula [ ERR]
[err] i s hal ogen, |ower alkyl, |ower alkoxy, trifluoronethyl; 86 .

1. A compound of the formula

(XID)

wherein

R1 is halogen, lower élkyl,'lower alkoxy,
trifluoromethyl;
5 R2 is hydrogen, halogen, lower alkvl, lower
alkoxy;

Ry, is hvdrogen, halogen, lower. alkyl, lower
alkoxy:
- R, is hydrogen, lower alkyl

10 or a pharm:ceutically acceptaﬁle salt thereof.

2. The compound of claim 1 of the formula

1 is halogen, lower alkyl, lowe. alkoxy,

trifluoromethyl;
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‘[efr] is hy
I €rri is h
phar maceutic

pharmaeutically acceptable salt thereof which is 8-chloro-1, 3-di hydro- 2H—
_ The compound of claim1 or a
| e isalnydregeaqfl hatlioglni,s1dwbkuslryl, 3iéekdwy dr o- 2H
The conpound of claim1 or a
1, 3 dlhydro 2H

I m dazol[ 4, 5-
phar-maceuti c
i m dazo[ 4, 5-
pharmace i c
inidazo[4,5-
\agaceutic
zo[ 4,5
pharnaceutlc
I m dazol[ 4, 5-
phar maceuti c

drogen, hal ogen, |ower alkyl,
ydr ogen, hal ogen, |ower alkyl,
ally acceptable salt thereof.

b] qui nol i n- 2-one. 4.

ally accept

b] qui nol i n- Z- one. 5.

al |y accept abl e addaxyt;her eof ‘which is 8-nethyl -
b] qui nol i n-2-one. 6. The co

acceptfapl e i hydnosesof
b] qui nol i n- 2- one._,7.
al I'y accept abl e &39*Y,

é*ﬁy gﬁtégﬁéﬁie Sgﬁﬁ

3.

ally

acke

thereg

.The compound of
acceptable salt thereof which
imidazo[4,5-blquinolin~2-one.

4. The compound of
acceptable salt thereof which
imidazo[4,5~blquinolin-2-one,

5. The compound of
acceptable salt thereof which
imidazo[4,5-b]jquinoclin~2~one,

6. The compound of

" acceptable salt thereof which

imidazo[4,5-blguinolin-2-one.

7. The compound of
acceptable salt thereof which

imidazo{4,5~-blquinclin~-2-one.

| ower
| oner al koxy

o, A

ound of claim1_ or
ﬁ“vsl?wﬁﬁtﬁ§¥Yir31@V%Wdro 2H
The conpound of claim1l or a
t*her eof which is 7-chloro-1, 3- dihydro-2k+

1
b lgomwﬁfhgiagk%ﬁ“o 60r7 di net hyl -

ichis

claim 1 or a pharmaeutically

is B8-chloro-1,3=-dihydro-2K~

claim 1 or a pharmaceutically

is 7-fluoro-1,3-dihydéro-2H-

claim 1 or a pharmaceutically

is 8-methyl~1,3-dihydrc-~-2H~

claim 1 or a pharmaceutically

is 7-methyl-1,3-dihvdro-2E-

claim 1 or a pharmaceutically

is 7-chloro-1,3-dihydro-2H-
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' m dazol 4, 5 b] qui nol i n-2-one. 9. The conpound of claim1l or a

acceptable salt thereof which is 1, 3-di hydro-7, 8-di net hyl -
g gﬁc u% n]quinolin 2-one. 10. The conpound of claim1 or a

I cal *y acceptable salt thereof which is 1, 3-dihydro-7-chl oro-6-

met hyl - 2H i m dazo[ 4, 5- b] qui nol i n- 2-one. - 11. The conpound of claim1 or

a phar maceuti cal By asrepésmpsusd d£toeianf1 Wk ch ;bl‘?armacmat*

-

3-di hydr o- 8- net hoxy-2H i m dazo [ 4, 5-b] qui nolin-2-one. Fallﬁe conmpound
of cIaaatépﬁabaephalﬁacbareoalhyieECEQthbjeﬂ£h&dr¢*&¥1xﬁ1mdﬁﬁﬂl-lS
1, 3-di hydro-8-chloro-7- nethyl -2Him dazo [4, 5-b]quinolin-2-one. 13. \lMe
conpouﬁﬂ-@ﬂléaaphi15Ub]9npha{hnréuQ$%alIy acceptabl e salt thereof which is
7-chl oro- 1, 3-di-hydro-6, 8- di nethyl -2Hi mi dazo[ 4, 5-b] qui nol i n-2-one 14. The
conmpound of claim 1l or a pharmaceutically acceptable salt thereof which is

7-nethoxy-1,3-d!?¥dr§% ﬁ°m§$€§§ é hﬁﬁnguinolin g%égg;céutlcaliS The

conpound of cl ai

which i1s brono-1, 3- di hydro-6, 8-di ne
2H-1m1dazof4 S-blquinolin-2-one.

m daz’

10. The compound of claim 1 or a pharmaceutically
acceptable salt thereof which is 1,3-dihydro-7-chloro-6-

methyl-2H~imidazo(4,5-blquinolin~2-one.

11. The compound of claim 1 or a phafmaceutically
acceptable salt thereof which is 1,3~-dihydro-8-methoxv-2H-

imidazo(4,5-b]Jquinolin-2-one.

12. The compound of claim 1 or é"pharmaceﬁtically
acceptable salt thereof which is 1,3-dihydro-8-chloro-7-

meth?l—ZHfimidazo[4,5-b]quiholin-2-one.

13, The compound of claim 1 or a pharmaceuticélly
acceptable salt thereof which is 7-chloro-1,3-dihydro-6,8-

dimethyl-2H-imidazo (4,5-blquinolin-2-one
14. The compound of claim 1 or a pharmaceutically

acceptable salt thereof which is 7-methoxy-1,3-dihydro-2H~

imidazo{4,5~blquinolin~2-one.

88
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i nol i n-2-one.



17, [The conpound of claim1 which is 7-brono-1, 3- ‘
di hydro 2H i m dazo[ 4, 5- b] qui nol i n- 2-one. 18. The conpound wamum“ﬂﬂllﬂm
is 1,3-di hvdro- 7-(1-nmethyl ethoxy)-2H i m dazo[ 4, 5-b] qui nol 1'R="Z¢ i i
conmpound of claim1l which is 1,3-dihydro- 6,7,8-trinmethoxy-2Him dazo[ -

4, 5-b] qui nol i n-2-one. 20. The conpound of claim 1 which is 1,3-dihydro-

6-(trifluoromethyl) - 2l4.i nitthez ebhpbublquifnelaim2i oweicKRlis Thﬂmw of
claim1 which is 1,3-dihydro- 1,8-dinethyl-2Hinidazo[ 4, 5-b] qui noli n-2-one.
22. The conﬁoﬂw@imbuﬁqamﬂzﬁ-wmﬁdhzbé4153b&qhydob;nﬂqumhnetth 2H i m dazo

[ 4, 5-b] quinolin-2-one. 23. The conpound of claim1 which is 1, 3-di hydro-
7-nthoxy-1-nEthyL-2FLinidazo [4 - b] qui nol i n-2-ohe. 89 24. The conpound
of claim1 which is

1,7,8-trinethvl - 2F+i;%é§ g@% §°HF83PHOFFn°§abﬂe1 which 48 ThrRtd o claim -
1 which is ﬁﬁgﬁéﬁ#ywﬁ; E?9ﬁ¥2§ﬂih Q§69k4555P$ﬂH+5¥4A'Ei%éﬂ“a 26. A

conpound of mhereln err] ogen, |lower alkyl,
| ower al koxy, trlfluoronethyl

17. The compound of claim 1 which is 7-bromo-1, 3-

dihvdro-2H-imidazo[4,5-b]quinolin~2~one,

18. The compound of claim 1 which is 1,3-dihvéro-

\ﬂ;ﬂé 7-{l-methylethoxy) ~2B~imidazo{4,5-blguinolin~2-one.

19. The compound of claim 1 which is 1,3-dihvdro-

6,7,8-~trimethoxy~2H~imidazo(4,5~-blquinolin-2~-one.

20. The compound of claim 1 which is 1,3-dihydro-

6~ (trifluoromethyl)-28~-imidazo[4, S-b]qulnolln- -one,

21. The compound of claim 1 which is 1,3-dihydro-

1,8-dimethyl-2H-imidazo[4,5-b]Jouinolin~-2-one.

22. The compound of claim 1 which is 1,3-dihydro-

1,7-dimethvl-2H-imidazo({4,5-blquinolin-2-one.

23. The compound of claim 1 which is 1,3~dihydro-

7-methoxy-1l-methyl-2H~imidazo[4,5-blquinolin-2~one.
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[err] - I s hydrogen, hal ogen, |ower alkyl, |ower alkoxy;

m \a“‘\ ogen, hal ogen, lower alkyl, |ower alkoxy; [err] S
u m ‘l al kyl . 27. The conpound of claim 26.-which is 8-nethyl-
¥, 3¢9, 9a-tetra ydro 2H i mi dazo[ 4, 5-b] qui nol i n-2-one. 28. The conpound of

cl ai m 26 wh ch i

di met hyl -1, 3, 9, teﬁ?ﬁhﬁﬁ?@ofﬂg ﬁfdﬁ%ﬁfﬂ 5 BThEanflnlﬁ dighedragp 29.
The co 2 1g3

tetrahggﬁgmiéfﬁﬁ%g?ﬂ%%ﬁaﬁﬁﬁgg ?33 2 E?Bﬁgﬁ?%%?ln n%’ne. 30. A conpound of
the formula [ERR] wherein [err] i s hal ogen, lower alkyl, |ower alkox
trifluoromethyl; 5 [err] I s hydrogen, hal ogen, |ower alkyl,

| ower al koxv; [625] The sompdundenf bikdmed, whoekriel kyd-aiwweio-al koxv;

[err] S hydro en, |ower al kyl 10 or a pharmaceutically acceptable sal t
t her eof7-ethoxy-2 -zmldazo[4 5- ]qulnolln-z-one.

26. A compound of the formula

(XIIIB)
wherein
Rl is haloggn} lower alkyl, lower alkoxy,
ltlﬁrifluoromethyl;
5 R2 is hydrogen, halogen, lower alkyl, lower
' alkoky: |
R, is hydrogen, halogen, lower alkyl, lower
alkoxy:;
.R4 ..is hydrogen, lower alkyl.

27. The compound of claim 26 which is B-methyl-

1,3,9, 9a-tetrahydro-2H—zm1dazo[4 S-blqulnolln -2-0One.

28. The compound of claim 26 which is 7,8-
dimethy1—1f3,9,9a-tetrahydro?2H-imidazo[4,5-b1quinolin-2-

one.
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31.  Medication conprising a therapeutically effective a ml““ M\“\J\!u
compound of claim1 or a pharmaceutically acceptable salt m“m

in a method for inhibiting phosphodi esterase and bl ood pl at*el &t hggregatlon
in a mmmal. 91 32. Medi cation conprising a therapeutically effective
anount of a conpound of claim1 or a pharmaceutically acceptable salt
thereof, for use in a neBhodThErcoRESERS | dE dIPIN zsuwmyanlgsaqgsyg;ya¢n a
war m bl ooded ani mal . 33. The pharnaceutical conposition conprising a

t her apeut i cal | yesrabyiiroelafodime vy b Zbnpuideakof4 ,G-dilguinodin~2-one.

phar maceutical |y acceptable acid addition salt thereof and a pharnaceuti cal

car ki er. 34. A process for ‘preparing a conpound of Fornul'a Xl | [ERR]
wherein [err] is hal oge | o al k kox trifluoro- nmethyl;
[err] is hydrogen, haloagn xeﬁ% ¥§9I°£W£hﬁ;¥?ﬂqgéfy [err] is hydrogen,
hal ogen, | ower al kyl, |ower al koxy; and [err] -

wherein
k“kwd R, is halogen, lower alkyl, lower alkoxy,
rifluoromethyl;
5 _ R, is hydrogen, halogen, lower alkvl, lower
alkoxyv;
R, is hydrogen, halogen, lower élkyl, lower
alkoxy;
R4 is hydrogen, lower alkyl
10 or a pharmaceutically acceptable salt thereof.
v/ 31. Medication comprising a therapeutically effective

amount of a compound of claim 1 or a pharmaceutically
acceptable salt thereof, for use in a method for
inhibiting phosphodiesterase and blood platelet
aggregation in a mammal.
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,Ls—hydrﬁgéﬁ"TBG;F~alkyI; or a pharmaceutically acceptable salt thereof;

conpri si- uci ng a substituted hydantoin of Formula XIIIl [ERR]
m“‘\ m M e hydrogen or together are a coval ent bond, [err] and
5

ned above; and (b) treating the reduced material with an

oxT dant mhen required; or (c) dehydrogenating a conmpound of Formula Xl I1IB
[ ERR] wher ei n [err] and [err] are as defined above; or (d)

al kyl ating a thio conpound of Formula XV [ERR] wherein [err] and [err]
are as defined above with [err]X wherein [err] is |ower aIkyI and. X
reprgaent smadieavriog gomppisting aStnesybaUQ;ch&ylaﬁ&ecuhusphate quaLg

and hal ogen, 19 RLOYLA&q2B 2L KYLAL §9okN0L0 pRaMRANAY Qe f1qyul @ XV R [ERR]
acceptable salt thereof, for use in a method for
increasing heart inotropic activity in a warm blooded

animal.

33. The pharmaceuticai”composition comprising a
therapeutically effective amount of a compound of claim 1
or a pharmaceutically accéptable acid additicn salt

thereof and a pharmaceutical carrier.



the Formul a XV conpound to the Formula Xl I conpound; or wh

wher éi it [err] and [err] are as defined above; and then E ﬂﬂidrol yzi ng

converting a conmpound of Formula XIl to a pharmaceutically
35. The process of claim34which conprises reducing a Formul a

f

LA ﬂll

hydantoin to provide a conpound of Formula XII1A [ERR] wherein a and b are
hydr ogen and [err] are as defined for Formula XIIl, and then cyclizing
the Fornula Xl 11 A conpbundl ppoeessnforngrepaangulaacsmbbBnBEBR] Wher ei n

[err] -and [err] are as defined. 36. A conpound as claimed in claim1
wherei n [ erfFgrmelaaXdFen, |ower al kyl or lower al koxy, and [err]

hydrdgéh or a pharnaceuﬁlcally acceptable salt thereof. 37.

for preparing a conpound
| >=° - an
N

i's

A process

wherein Rl is haiogen, lower alkyl, lower alkoxy, trifluoro-

methyl; Rz is hydrogen, halogen, lower alkyl, lower alkoxy:

\*Lw~' ' R3 is hydrogen, halogen, lower alkyl, lowér alkoxy:; and-_R4
is hydrogen, lower alkyl; or a phérmaéeutically acceptable
salt thereof;comprising

(a) reducing a substituted hydantoin of
Formula XIII
B
N
>=o (XI11)
N .
1
| R
. . a
N~

wherein a and b are hydrogen or together are
a covalent bond, Rl' R2' R3 and R4 are
defined above; and

(b) treating the reduced material with an oxidant
when required; or

(c) dehydrogenating a compeund of Formula XIIIB




clainmed in claim36, substantially as described in that foregoing Exanpl es
section which conprises Exanples 1 to 15 and Exanple 21. 38. A process

f i npound (or salt) as clained in claim1l, substantially as
dgmmﬁﬂm“!“ ‘mml or egoi ng Exanpl es section which conprises Exanples 22 to
42 N onpeund (or salt) as clained in claim1, prepared by a process
as clainmed in cIa|n134 35, 37 or 38. 40. A pharmaceutical conposition
conprising a conpound (or salt) as clainmed in any-of clainms 1 to 25, or
claim36 or 39, and a pharnaceutically acceptable carrier 41. A conpound
(or salt) as clarned n any f c ar o] or im36 or ‘39, -or <
phar maceut i cal coﬁ%%%*?roh’a 2t (ﬁ?ﬁrﬁﬁs I8 for use in a

met hod of i nhi bijjha, nggphodlesterase and bl ood platel et aggregation in a
mammal , or for use |n a nethod of i ncreasing heart. i notropic activity in a
marnrbIoodeQipnrggﬁylgggn ﬁﬁgﬁgﬁ”gk(égrﬁﬁﬁg)x claimed in any of
clains 1 to 25, or cl a|n1%6 or in the preparation of a nmedi canent for
treat nent of conditions wherein adnlnrstratlon of a cardiotonic agent

and/ or inhibitor of phosphodresterq§e anm bl ood pl atel et .aggregation is

i ndi cat ed.
RZ >— (XIV)

Ry

4

" wherein Rl, R,, R, and R, are as defined
above with Rsx wherein Rs is lower alkyl and
X repfesents a leaving group such as
mesylaté,-tosylate, phosphate, sulfate and

halogen, to provide an alkylated thio

compound of Formula XV

(xv)

wherein Ry, Ry, RB; R, and Rg are as defined
above; and then |

(e} hydrolyzing the Formula XV compound to the
Formula XII compound; or when desired

(f) converting a compound of Formula XII to a

pharmaceutically_acceptablé salt.

i
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35. The process of claim 34which comprises
reducing a Formula ¥III hydantoin to provide a compound of

Formula XIIIaA

R N, o R .
®, <o (XTITA)
R3 b R’o'
a

wherein a and b are hydrogen and RI' Rz, R3, R4 are as

defined for Formula XIII, and then

cyclizing the Formula XIIIA compound'to a compdund of

Formula XIIIB

wherein Rl' Rz, R3 and R4 are as defined.
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36. A compound as claimed in claim 1 wherein
Rl is halogen, lower alkyl or lower alkoxy,'and
R4 is hydrogen;

or a pharmaceutically acceptable salt thereof.

37. A process for preparing a compound (or salt) as
claimed in claim 36, substantially as described in that
foregoing Examples section whidh comprises Examples

1 to 15 and Example 21. | |

38. A process for preparing a compound (or salt) as
claimed in claim 1, substantially as described.in that
foregoing Examples section which comprises.Examples

22 to 42. '

39. A compound (or salt) as claimed in claim 1,
prepared by a process as claimed in claim 34, 35, 37 or
38. |

40, A pharmaceutical compbsition comprising a éompound
(or salt) as claimed in any of claims 1 to 25, or
claim 36 or 39, and a pharmaceutically acceptable
carrier. _ o
41, A compound (or salt) as claimed in any of claims
2to 25, or claim 36 or 39, or pharmaceutical
composition as claimed in c¢laim 33 or 40, for use in
a method of inhibiting phosphodiesterasé and blood
platelet aggregation in a mammal, or for use in a
method of increasing heart inotropic activity in a
warm blooded animal.

42. Use of a compound (or salt) as claimed in any'of
claims 1 to 25, or claim 36 or 39, in the preparation
of a medicament for treatment of conditions wherein
administration of a cardiotonic agent and/or inhibitor
of phosphodiesterase and blood platelet aggregation is
indicated.
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